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PREFACE TO THE FIRST EDITION. 


The work, which I here lay before the Public, constitutes an 
abridgement of the Lectures on Heat and Electricity , which 
I annually deliver in the College of Glasgow, as a necessary 
introduction to the elements of Chemistry ; and which con- 
stitute about a third part of my usual course. Many of the 
students have been in the habit of applying to mo to point 
out to them a work in the English language in which they 
could find the different topics which I am in the habit of dis- 
cussing and illustrating. But I found myself at a loss for any. 
work exactly suited to the objects in view. We have many 
excellent books on Heat ; but few or none of them embrace 

i 

all the topics, which the present state of chemistry renders it 
necessary for me to introduce into my Lectures. I was there- 
fore under the necessity of mentioning a variety of books, 
some more, and some less easily accessible, and which, there, 
fore, it was not always in the power of the students to procure 
when they wanted them. 

As for Electricity, we have many books which give a popu- 
lar view of the science, and. not a few which convey very ac- 
curate information respecting the mode of making experiments 
and which, therefore, are of considerable value to the teacher ; 
but we look in vain for any book in the . English language 
which conveys a tolerable notion of the present state of that 
important Bcience. 
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It was to remove this inconvenience, which has been Ions' 
felt and complained of by indents, that I have been induced 
to draw up the present wdrk. It will hereafter serve as a 
text-book to the students of chemistry in Glasgow College, 
as it contains an epitome of all the different topics which I dis- 
cuss, and all the tables to which I refer in the first part of my 
course ; and I flatter myself that the perusal of it will render 
my lectures hereafter more easily understood and remembered, 
than when the students had no text-book to have recourse to. 
I have been at pains to treat of every thing in the plainest 
and simplest manner ; that no difficulties in understanding it 
might occur even to those students whose previous education 
has been the most imperfect. I Have hopes also that it may 
be found worthy of the attention of students of chemistry in 
general, as it contains as accurate a view of the important 
sciences of heat and electricity as my knowledge of these sub- 
jects enabled me to give. 

The present volume may be considered as a new and en- 
larged edition of the first 172 pages of the first volume of my 
System of Chemistry . The second part, on Electricity , is 
published to fulfil a promise which I gave to the public many 
years ago. I have withheld it thus long from an unwillingness 
to encroach beyond what is absolutely necessary on the pecu- 
niary resources of the students. This second part, instead 
of an abridgement, constitutes, in fact, an extension of my 
lectures on electricity. In the College of Glasgow the science 
of electricity belongs, not to the Professor of Chemistry, but 
to the Professor of Natural Philosophy. This induces me 
to confine my observations on it to those branches only that 
are most intimately connected with Chemistry. But I con- 
ceive that the connexion between Electricity and Chemistry 
is now so close, that it is impossible to be master of the latter 
without bting at least acquainted with the principles • of the 
former. 

It may be proper to mention, that I am preparing for the 
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press as complete a view as I can draw up of the simple sub- 
stances, and their primary and secondary compounds, to serve 
as a text-book for the last two-thirds of my course. This will 
be followed with as little delay as possible by a work on 
Mineral Waters, Mineralogy, and Geology. Another work 
on Vegetable Chemistry, and another on Animal Chemistry, 
will complete my plan; For in order to accommodate the 
students as much as possible, I mean to divide my System of 
Chemistry into five separate works ; the first two of which, 
consisting of three volumes, will be sufficient for those who 
are beginning to study the science. . Those who wish to de- 
vote themselves to the particular departments of chemistry 
will find the requisite infortnation in the other three works. 




PREFACE, TO THE SECOND EDITION. 



The discoveries made in Heat, and especially in Electri- 
city, since the publication of the former editions of this work, 
have been so numerous, that a great many additions have been 
made to both parts of thi$ little volume. No fewer than six 
additional chapters have been added to Electricity. This 
would have swelled the work to a size inconsistent with an 
elementary treatise. But this has been prevented by reduc- 
ing the size of the type ; which has enabled us to increase the 
matter in the volume by nearly one-third, without augmenting 
the bulk of the volume. 

It may be right to state that the promises given in the last 
paragraph of the preface to the first edition of this work, have 
been nearly all fulfilled. A treatise on Inorganic Chemistry, 
in two volumes ; a treatise on Mineralogy and Geology , in two 
volumes ; and a treatise on Vegetable Chemistry , in one large 
volume, have been already published. Nothing is now want- 
ing to complete the subject, but a volume on Animal Chemistry , 
which I am at present drawing up. 
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One of the earliest attempt! at theorizing in chemistry, was 
to explain the |fgdp re of combustion. It was this which gave 
celebrity to StSMfc a chemist, who ascribed fire to the escape 
of phlogiston fraB the burning body. One of the most con- 
stant accompaniments of fire is fyeat. Hence chemists were 
early led to study 4}ic phenomena of heat. In Boerhaave’s 
Chemistry* we find Jfre treated of at great length, and even 
various speculatioi^lnd some curious experiments on heat. 
But in Lemery’s Chemistry, Neumann’s Chemistry , and even 
Wilson’s Chemistry, published towards the end of the 17th and 
beginning of the 18th century, no Notice whatever is taken of 
heat. The subject seems to have engaged the attention of 
Dr Cullen, while lecturing on chemistry in the University of 
Glasgow ; at least it formed a prominent and one of the most 
interesting parts of Dr Black’s lectures, who was his successor 
both in Glasgow and Edinburgh. 

Ever since the time of Dr Black, the doctrine of heat has 
been treated at considerable length by all teachers of chemistry, 
at least in Scotland. The subject is important, and as it is 
not treated by any other professor in our Universities, the 
Professor of Chemistry has scarcely any other alternative than 
to explain it to his students. It would be better if anew chair 
were constituted in each of our Universities, and that it should 
be the province of him who fills it to explain the principles of 
heat, light , electricity, and magnetism. This chair exists in 
the Universities on the Continent, at least in France, and this 
important branch of science is distinguished by the name of 
physique. 

The science of chemistry occupies at present so vast a field, 
that it is impossible to embrace every part of it in a six months’ 

B 
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coarse. It will be absolutely necessary, before long, to leave 
ont tbe consideration of beat altogether. The consequence 
will be, that unless a chair of physique be established in our 
Universities, the alumni educated at them will cease altogether 
to receive any information respecting one of the most impor- 
tant branches of science. 

What has been said of heat applies equally to electricity , now 
so closely connected with chemistry, that every chemist must, 
as a matter of course, make himself acquainted with its princi- 
ples ; but at the same time so extensive, that it is impossible 
for a Professor of Chemistry to aw ell upon it at sufficient 
length. 

The object of the present work was to lay an outline of 
the most important doctrines <of heat and electricity before the 
chemical reader. Since the publication of the first edition, in 
1830, considerable advances have been made in both these 
branches of science. I have endeavoured in the present 
edition to introduce these new facts, and to lay the present 
state of our knowledge respecting both branches of science 
before the reader. 

The treatise of course is divided into two parts. In the 
first part 1 shall treat of heat, and in the second of electricity. 



PART I— OF HEAT. 


The word heat in the English language is used to express two Part l. 
different things. It sometimes signifies a sensation excited in Meaning of 
our organs, and sometimes a certain state of the bodies around 
us, in consequence of which they excite’ in us that sensation. 

The word is used in the first seu&e when we say that we fed 
heat; and in the second when we say that there is heat in the 
fire. In chemistry, the word heat is always employed in the 
second of these significations. It denotes that state or condition 
of a body by which it excites in us the sensation of heat. 

When the French chemists contrived the new Chemical 
Nomenclature in 1787, they thought that it would be advanta- 
geous to possess a distinct word for each of these two mean- 
ings. Accordingly they restricted the word heat to the sensa- 
tion, *and invented the term caloric to denote the cause of this 
sensation, or the condition of bodies by which that sensation 
is produced. This innovation was unnecessary, and it had 
the effect of fixing down the opinions of chemists to the hypo- 
thesis respecting heat , adopted by the contrivers of the new 
nomenclature ; namely, that heat is not a property of matter, 
but a peculiar substance; although no evidence sufficiently 
decisive to settle this disputed point has hitherto been advanced. 

Heat, whether.it he a substance or a quality, is exceedingly Heat very 
communicable from one body to another. If we take a lump ^h“ uuI ‘ 
of hot iron out of the fire, ye cannot prevent it from communi- 
cating its heat to all the bodies in its neighbourhood. If a 
hot body be placed in contact with colder bodies, it communi- • 
cates heat to them, and continues to do so till all the bfcdies 
be reduced to the same temperature. If a cold body be 
placed in the midst of hot ones, it receives heat from them, 
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ftot andcontinues to dovso till they are all reduced to the. same 
temperature. The common opinion is, that in all such, cases 
the hot body loses something , which the cold body imbibes ; 
mid this opinion has been universally adopted by all those 
wju> have examined thg subject more profoundly. , 'According 
to some philosophers, heat depends upon a tremor or vibration 
excited in bodies ; according to others, upon an exceedingly 
subtile and active matter introduced into their pores; and 
according to others, upon a vibration excited in a subtile mat- 
ter , which naturally exists in every body, though, except when 
thus excited, in a state of rest. 

opinions Bacon was the first person who formally investigated the 
heat. nature of heat. In *his treatise de forma calidi 9 which he 
offered to the public as a mQdel of the proper method of pro- 
secuting investigations in natural philosophy, he enumerates 
all the facts respecting heat that were then known ; and endea- 
vours, from a careful examination of them, to form a well- 
founded opinion respecting its cause. The only conclusion 
which he was able to draw* from his premises, was the very 
general one, that heat is motion. In this opinion Lord Bacon 
has had a great many followers, particularly among the philo- 
sophers of Great Britain : but it has been adopted with two 
different modifications. 

Mr Boyle seems to have supposed that this motion is in the 
small particles of heated bodies, and that it consists in a rapid 
vibration of these particles., This seems likewise to have been 
the notion entertained by Sir Isaac Newton, as may be infer- 
red from the queries at the end of his optics. It was also the 
opinion of Mr Cavendish, and seems likewise to be the view 
of the subject embraced by Dr Thomas Young. 

But the greater number of the French and German chem- 
ists of the last century conceived that the motion in which 
heat consists, is not a tremor of the particles of the hot body# 
but of the particles of a subtile, highly elastic, and penetrating 
fluid which is contained among the pores of hot bodies, or 
mt^epetsed among their particles. This mailer they consi- 
der diflused through the whole universe, and as pervading 
with ease the densest bodies. . 
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All the knowledge which we possess or can ever acquire 
Respecting heat, is that of the different effects which it pro- 
duces upon bodies; we must, therefore, before we can be 
prepared to form any opinion respecting the nature of heat, 
take an accurate survey of these effects. Now the general 
effects of heat are expansion, fluidity, vaporization, ignition, 
and combustion. These will form the subject of the five fol- 
lowing chapters.* 


CHAPTER I. 

OF the^irst effect of heat, expansion. 


In this chapter I shall, in the first place, give an account of 
expansion , or that increase of bulk which takes place when 
bodies are heated. This will constitute the first section. In 
the remaining sections of this chapter, I shall treat of certain 
phenomena of heat, the knowledge of which may be considered 
as directly derived from the doctrine of expansion. 

it 

^SECTION I OF EXPANSION IN GENERAL. 

By expansion is meant an increase in the bulk of bodies, 
which is observed to take place when fhey are heated ; while 
there is a corresponding contraction when their temperature 
is diminished. 

Bodies exist in nature in three states ; namely, the state of 
gases or vapours , the state of liquids , and the state of solids. 

* I have adopted, in treating of heat, the arrangement of Dr Black, 
from whose lectures I imbibed my first knowledge of this subject It is 
very simple, and seems to me better adapted to the present state of our 
knowledge, than the more elaborate method which I followed in the for- 
mer editions of my System of Chemistry. 


Sect. I. 
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Chfr i. Common air furnishes a good example of a body in the gase- 
ous state, water of a body in the liquid state,, and iron of 
body in the tolid state. Now gases and vapours expand most 
when heated, liquids expand less, and solids least of all when 
subjected to the same increase of temperature. 

1. An accurate knowledge of the rate of expansion of gase- 
E «p«n»i on oue bodies is essential to their investigation. Little progress 
could be made in determining their properties or constitution 
•till this point was settled; which it was soon -after the com- 
mencement of the present century; by Mr Dalton and M. Gay- 
Lussac. The experiments of Mr Dalton were read to the 
Philosophical Society of Manchester, in October, 1801, and 
published early in-1802.* To him, therefore, the honour of 
discovering the law of the dilatation of gaseous bodies must be 
ascribed; for M. Gay-Lussact did not publish fcis dissertation 
on the expansion of gaseous bodies till more than six months 
after the appearance of Mr Dalton’s paper. The great source 
of fallacy in experiments on the dilatation of air and gases by 
heat, is leaving the portion experimented on in contacL ajl fr. 
moisture; because as the temperature increases, more and 
more of this moisture is converted into vapour, mixes with the 
portion of gas under examination, and greatly increases its 
bulk. Mr Dalton and M. Gay-Lussac, by keeping the gases 
experimented on dry, were enabled to discover that all gases 
experience the same augmentation of bulk when subjected to 
the same augmentation of temperature. wf- 

Dr Prout determined several years ago the expansion of 
common air from 32° to 60°. His experiments are not yet 
published ; but he was kind enough to favour me with their 
general result. Still more lately M. Rudberg has made 
num&ous and very careful experiments upon the expansion of 
dry air from 32° to 212°.$ I shall state the results obtained 
by these experiments. 


* Memoirs of the Literary and Philosophical Society of Manchester, 
vol. O. part 2. p. SOS. 
t Ann. de Chim. xtiii. 137. 
t Poggendorfs Apnalen, zli. 27 If and xliv. 119. 
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5. According to Dalton, when 1000 volumes of air are » s**. i. 
heated from 32° to 212°, they becftme 1325 volumes. But 

he afterwards abandoned- this statement and concluded that 
1000 volumes of air, when heated from 32° to 212°, become 
1376.* 

3. According to Gay-Lussac, they become 1375 volumes; 
while Mr James Crichton of Glasgow, who repeated the expe- 
riment with the most minute .attention to accuracy, obtained 
an increase from 1000 to 1374*8 volumes, which difFers very 
little from the estimate of Gay-Lussac. 

4. Dr Prout found the weight of 100 cubic inches of air at • 

32° to be 32*79 grains, while at 60° it weighed only 31*0117 
grains. Hence 1000 volumes of air at 32°, when heated to 
60°, become 1057*34 volumes. .Hence (supposing the expan- 
sion to be eqfeble) 1000 volumes, if heated from 32° to 212°, 
would become 1368*61 volumes. 

6. Rudberg’s experiments were very numerous. He was 
at great pains to dry his air thoroughly, and to determine its 
bulk at 32° and 212°. The result was that 1000 volumes of 
air at 32°, when heated to 212°, become 1364*57. The least 
increase in his first set of experiments was 361*7, and the 
greatest 366*2. In his last experiments the smallest increase 
was 364*0, and the greatest 366*4. 

From the great care with which the experiments of Prout 
and Rudberg were made, there cannot be any doubt that the 
expansion of air from 32° to 212°, as stated by Gay-Lussac, 
is a little too. great. I would be disposed to adopt the num- 
ber given by Prout, because his experiments were made with 
a degree of care to ensure accuracy which could not be ex- 
ceeded; but, as his temperature was carried only to 60°, I 
think it will be right to adopt the result obtained by Rudberg, 
which is the mean of 20 experiments. 

The expansion for 1°, according to Gay-Lussac and Dalton^ 
is according to Prout, and according to Rudberg, 

Wj- 7 * Tbk l® 8 * number, or which differs very little 
fi*9in it, we shall consider as expressing the correct expansion 

of dry air for 1° of Fahrenheit’s thermometer. 

$ 

* New System of Chemical Philosophy, i. 10, 
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*• The knowledge of this law supplies us with an easy method 
of determining wha^ the bulk of a gas would be at a given 
temperature, provided we know its bulk at any other tempera- 
ture.* 1 

It is at present the opinion of chemists, that air and all 
gases experience the same fticrease of volume by the same in- 
crease of temperature, at wKatever previous temperature this 
heat is applied. In other words, that the expansion of all the 
gases is equable. It is scarcely possible to demonstrate the 
truth of this opinion experimentally, because we have no 
means of measuring temperature, except by expansion. But 
the opinion is founded on very plausible reasons : and if we 
admit its 'truth, then the expansibility of all liquids and solids 
increases with the temperature to which they are subjected. 

Gay-Lussac found the expansion of steam did of the va- 
pour of sulphuric ether the same as that of air. It has been 
concluded from this, that vapours follow the same law 
rate of expansion with gases ; and therefore that all 
fluids agree with each other in this important property. 

Mr Dalton has suggested the probability that the 
of all vapours is the same, reckoning at the 
from the boiling point of each. Dove has 
ous analogy between the elasticity of those 

A 

* To perform, this reduction with accuracy we must attend to the fol- 
lowing rules : — 

1. If the temperature of the air be 32®, and we wish to know its bulk at 
a higher temperature, for example, at 60°. Subtract 32° from 494. The 
remainder is 462. t To this number 462, add the degrees above zero in- 
dicating the temperature of the air. These are 32 and 60 ; making 494 
and 522. Then say 494 : 522 : : b (bulk of air at 32°) i 5' (bulk at 60°.) 
Let b as 100 ; then 494 : 522 : : 100 : 105*69 = volume of air at 60®. 

2. If the two temperatures be higher than 32® the method is the same. 
Example, wanted the volume of air at 60® which measures 100 at 50. 

462 + 50 = 34% 510 : 520 : : 100 : 101*96 = volume 

* 462 + 60 = 522 of the air at 60®. 

3. To reduce the volume v of a gas of the temperature t to the lower 

462+^ 462+1' 

terapemture f, multiply by Jg^fT* ^et t = 80 °' ** 5= 60® then 

522 26 26 4 

* = = 2 7 and 100 X £ =06-290 vdlumes at 60°. 
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be condensed by pressure, and that of steam when subjected sect.1. 
to the same pressure.* It will he worth while to explain it. 

1. If has been shown by Mr Faraday, that .protoxide of An<0 < *y, of 

azote becomes liquid by the pressure of »team. 

50 atmospheres at 7°*2 Cent. 

44 0° f> 

Difference 7°*2 

Now, steam balances 50 atmospheres at 265°*9 Cent. 

44 258 u *2 

Difference 7°‘7 

The difference between the temperatures in these two cases is 
7 0, 2 and 7°*7, very nearly the same. 

2. Carbonic acid becomes liquid by the pressure of 

$6 atmospheres at 0° 

20 _11°-1 


Difference 1 1°*1 

Steam balances 36 atmospheres at 226°-4 Cent. 
20 214°-7 


Difference 1 1 0, 7 

Here again the differences, ll°'l and 11°*7, nearly agree. 

3. Muriatic acid gas becomes liquid by the pressure of 

25 atmospheres at — 3°*9 Cent. 

20 — 16°*1 

Difference 12 0, 2 

Steam balances 25 atmospheres at 226° *3 Cent. 

20 214°*7 

Difference 1 1°*6 

4. Ammoniacal gas liquefies by the pressure of 

6*5 atmospheres at 10° Cent. 

5 0 

Difference * 10 

* Poggendorf’s Annafen, xxiii.* 200. 
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Chag. 1 . Steam balances 6*5 atmospheres at 163°*48 Cent. 

■™” 5 153°-08 

Difference 10 o# 40 

From this remarkable coincidence M. Dove infers that 
reckoning the expansion of gases and vapours equal at the 
same distance from their boiling points, these gases would be- 
come liquid under the pressure of the atmosphere, at the fol- 
lowing temperatures : — 

Cent Fahrenheit 

Protoxide of azote at — 158° or — 252°*4 
Carbonic acid — 146 or — 230*8 

Muriatic acid — 130 or — 202 

Ammoniacal gas — 53 or — 63*4 

The following table gives the elasticity of these and some 
other gases, in atmospheres at various temperatures. That 
of steam, at the boiling point of water, being reckoned unity. 



sponsion 2. No such general law exists respecting the expansibility 
liquids. q £ liquid Every liquid has an expansibility peculiarly its 
own, and which therefore may be called specific. All that 
can be done therefore, is to determine the degree' of expansion 
which' each liquid undergoes, when subjected to a given in- 
crease of temperature. The following table exhibits the dilar 
tation of various liquids, from 32° to 212°, supposing the bulk 
at 32° to be 1 . 

Alcohol* , 0*11000 ss if 

‘Nitric acid* (Sp. gr. 1*4) . . 0*11000 

Whale oil (from 60° to 212°) . . * 0*08548 ~ ix ~7 

Fixed oils* . . . . \ 0*08000 =s, ^ 

Sjflphuric ether* .... 0*07000 = ^ 

* Dalton’s New System of Chemical Philosophy, i. 29. ' 

+ The expansion is from 8° to 172^. 
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Oil of turpentine . ■ • . . 

1 0-07000 

a s 

A 

^Sulphuric acid (Sp. gr. 1*85) . * 

0-06000 

=s 

ir 

Muriatic acid* (Sp. gr. 1*137) 

0-06000 


tV 

Brine, or water saturated with salt* 

0-05000 

ss 

A 

Water* . . . . . .. .. 

0-04444 

ss 

..At 

Water from 42°*5 to 212°t . 

0-04393 

=2 


Mercury f . 

0-018018 

=2 

si~s 

Mercury§ . . ■ . . . 

0-01758 

= 

is 

MercuryH . . 

0-01680 


A 

Mercury IT 

0-01840 

ss 


Mercury** .... 

0-01852 

rr 

ii 

Mercury ft . 

0-01872 

2= 

3V 

Mercury tf .... 

0-02000 

= 

3V 


Liquids differ from gaseous bodies in another circumstance. 
Their expansibility is not uniform ; but the rate of expansion 
increases with the temperature, and is therefore the greater, 
the higher the elevation-at which a given quantity of heat is 
added to them. Liquids differ from gaseous bodies in a very 
remarkable circumstance. The particles of gaseous bodies 
repel each other, but those of liquids attract } as is evident from 
their collecting together in spherical drops. It has been as- 
certained that the force of this attraction differs very much m 
different liquids. 'For example, it is much greater between 
the particles of mercury, than between the particles of water. 
Now these attractions diminish at a great rate, as the distance 
between the particles of the liquid increase. It is obvious 
that this attraction between the liquid particles must act as an 
antagonist to the expansion produced by heat. Hence, the 
reason that every liquid has an expansion peculiarly its own ; 
and hence also the reason why the rate increases with the 
temperature. Every increase of temperature weakens the 
attraction between the particles of the liquid, by increasing 
their distance from one another, and of course must augment 
the effect produced by a given increment of heat. 

* Dalton’s New System of Chemical Philosophy, i. 29. 

j* Mr Crichton, Annals of Philosophy, (second series,) vii. 244. 

f Dulongand Petit. § Hallstrom, Gilbert's Annales, Xvii. 4*07. 

H General Roy./ 1 Crichton. *■ Shuckburgh, Lavoisier and Laplace, 
tf Lord Charles Cavendjgh. tt Dalton, Chemistry, ii. 289. , 
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Cbap*J. 


HEAT* 


Temp. 

Cent. 

Specific Gravity. 

Vplume. 

Temp. 

Cent. 

Specific Gravity. 

* Volume. 

69 

0*9772999 

1*0231 250 

85 

0-9661788 

1-0350051 

'70 ' 

0-9766543 

1-0238832 

86 

0-9655415 

1-0356883 

71 

0-9760017 

1-0245884 

87 

0-9646791 

1-0366141 

72 

0-9753297 

1-0252543 

88 

0-9639206 

1-0373261 

73 

0-9746630 

1-0259956 

89 

0-9631569 

1-0382524 

74 

0-9740026 

1-0266912 

90 

0-9623877 

1*0390823 

75 

0-9733229 

1-0274083 

91 

0-9616134 

1*0399189 

.76 

0-9726352 

1-0281347 

92 

0-9608339- 

1-0407626 

77 

0-9719438 

1-0288661 

93 

0-9600492 

1-0416133 

78. 

0-9712446- 

1-0296066 

94 

0-9592587 

1-0424716 

79 

0-9705392 

1-0303551 

95 

0-9584651 

1-0433348 

80 * 

ID-9698275 

1-0311112 

96 

0-9576658 

1-0442561 

81 

0-9691096 

1-0318750 

97 

0-9568618 

1-0451875 

82 

0-9683757 

1-0326571 

98 

0-9560530 

1-0459671 

83 i 

0-9676559 

1-0334252 

99 

0-9552889 

1-0468037 

84 

0-9669160 

1-0342159 

100 

0-9544219 

1-0477546 


Next to water alcohol is the liquid whose expansibility has 
been determined with the greatest care. Absolute alcohol has 
a specific gravity of 0*8062 at the temperature of 32°, reckon- 
ing the specific gravity of water at its point of greatest density 
1 . The following table exhibits the volume of absolute alcohol 
at all temperatures from — 100° centigrade, up to 70° centi- 


grade, supposing the volume at 32° to be unity. It was cal- 
culated by M. Hofmeister, from a very careful set of experi- 
ments made by professor Muncke of Heidelberg.* 


Volumes of pure alcohol . 


Temp. 

Volume. 

Temp. 

yolurae. 

Temp. 

Volume* 

—100° 

0*9486184612 

—84° 

0-9479292548 

^68° 

0-9513045010 

99 

0-9484472516 

83 

0*9480260399 

67 

0-0516396091 

98 

0-9482938609 

82 

0-9481385863 

66 

0-9519886309 

97 

0-9481578637 

81 

0-9482667885 

65 

0-9523514509 

96 

0-9480392442 

80 

0*9484105009 

64 

0-9527279536 

95 

0-9479378872 

79 

0*9485696382 

63 

0-9531180235 

94 

0-9478536772 

78 

0-9487440748 

62 

0-9535215451 

93 

0-9477864986 

77 

0-9489366953 

61 

0-9539384030 

92 

0-9477362361 

76 

0-9491383842 

60 

0-9543694918 

91 

0-0477027740 

75 

0-9493580261 

! 59 

6-95481-16658 

90 

0-9476859971* 

74 

0-9495925053 


0-9552678897 

; 89 

0-9476857897 

73 

0-9498417066 

57 

0-9557368880 

88 

0-9477020864 1 

72 

0-9501055144 

l 56 

0-0562186952 


0-9477346218 i 

71 

0 9503838132 

55 

0-9567131458 

h 

0-9477834303 

70 

0-9506764875 

1 54 

. 0-9572201243 

85 

0-9478483464 

69 

0-9509834219 

53 

0-9577895154 


* Ann. de Chim. et de Phys* lxiv. 32. 
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Volumes of pure alcohol. 


Seoul. 


Temp. 

Volume. 

Temp. 

Volume. 

Temp. 

Volume. . 

—52° 

0-95827120*4 

—11° 

0-9892330499 

+80° 

1-0327138758 

51 

0-9588150729 

10 

0-9901769378 

31 

10338631684 

50 

0-9593710085 

9 

0-9911281573 

32 

1-0350155581 

49 

0-9599388947 

8 

0-9920865929 

33 

1-0361704294 

48 

0-9605186160 

7 

0-9930521291 

34 

1-0373276669 

47 

0-9611100569 

6 

0-9940246504 

35 

1-0384871550 

46 

0-9617131019 

5 

0-9950040415 

36 

10396487783 

45 

0-9623276356 

4 

0-9959901867 

37 

1-0408124213 

44 

0 9629535425 

3 

0-9969829706 

38 

1-0419779685 

43 

0-9635907072 

2 

0-9979822778 

39 

1-0431453045 

42 

0-9642390141 

1 

0-9989879927 

40 

10443143138 

41 

0-9648983477 

0 

1-0000000000 

41 

1-0454848809 

40 

0-9655685927 

+i 

10010181840 

42 

1-0466*68903 

39 

0-9662496334 

2 

1-0020424294 

43 

1-0478302266 

38 

0-9669413546 

3 

1-0030726206 

44 

1-0490047743 

37 

0*9676436405 

4 

1-0041086423 

45 

1-0501804179 

36 

0-9683563759 

5 

1-0051503788 

46 

1-0513570419 

35 

0-9690794452 

6 

1-0061977149 

47 

1-0525345309 

34 

0-9698127330 

7 

1-0072505348 

48 

1-0537127693 

33 

0-9705561237 

8 

1-0083087233 

49 

1-0548916418 

32 

0-9713095020 

9 

1-0093721648 

50 

1-0560710328 

31 

0-9720727522 

10 

1-0104407438 

51 

1-0572508269 

30 

0-9728457590 

11 

1-0115143449 

52 

1-0584309085 

29 

0-9736284069 

12 

1-0125928525 

53 

1-0596111623 

28 

0-9744205803 

13 

1-0136761513 

54 

1-0607914727 

27 

0-9752221639 

14 

1-0147641257 

55 

1-0619717243 

26 

0-9760330421 

15 

1-0158566603 

56 

1-0631518015 

25 

0-9768530995 

16 

1-0169536396 

57 

1-0643315890 

24 

0-9776822206 

17 

1-0180549481 

58 

1-0655109711 

23 

0-9785202899 

18 

1-0191604708 

59 

1-0666698326 

22 

0-9793671920 

19 

1-0202700908 

60 

1-0678680578 

21 

0-9802228113 

20 

1-0213836941 

61 

1-0690455313 

20 

0-9810870324 

21 

1-0225011647 

62 

1-0702221377 

19 

0-9819597399 

22 

1-0236223871 

63 

1-0713977614 

18 

0-9828408181 

23 

1-0247472459 

64 

1-0725722870 

17 

0-9837301518 

24 

1*0258756256 

65 

1-0737455991 

16 

0*9846276253 

25 

1-0270074107 

66 

10749175820 

15 

0-9855331233 

26 

1-0281424858 

67 

1-0760881204 

14 

0-9864465302 

27 

1-0292807353 

68 

1-0772570988 

13 

0-9873677306 

28 

1-0304220438 

69 

1-0784244017 

12 

0-9882966090 

29 

1-0315662958 

70 

1-0796899136 


Professor Muncke has also e xami ned the dilatability of . 
bisulphuret of carbon by heat. The following table exhibits 
that dilatability calculated from his experiments, from — 50 ° 
to 70® centigrade : — * 


Ann. de Chim, et de Phys. lxiv. 92. 
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Cbap. I. 


Volumes of carburet of sulphur. 


Temp. 

Volume. 


Volume., 

Temp. 

Volume. 

—50° 

0-0478516338 

— 9° 

0*9900068199 

+%i» 

1-0365806688 


0*9488164414 

8 

0-9911036176 

32 

1*0378180146 

48 

0-9497833230 

7 

0-9922037873 

33 

1*0390590232 

47 

0-9507552857 

6 

0*9933073362 

34 

1-0403037018 

46 

0-9517293368 

5 

0*9944142715 

35 

1 0415520577 

45 

0-9527064835 

4 

0*9955246006 

36 

1-0428040982 

44 

0 9536867333 

3 

0*9966393308 

37 

1-0440598304 

43 

0-9546700932 

2 

0*9977554692 

38 

1*0453192617 

42 

.0-9556565706 

1 

0*9988780231 

39 

1*0465823994 

41 

09566461728 

0 

1-0000000000 

40* 

1-0478492508 

40 

0-9576389071 

+i 

1*0011284068 

41* 

1*0491198230 

39 

0-9586347806 

2 

1*0022582511 

42 

1-0503941234 

38 

0-9596338007 

3 

1*0033825400 

43 

1-0516721592 

10528039377 

37 

0*9606359746 

4 

1-0045302808 

44 

36 

0*9616413097 

5 

1*0056714808 

45 

1 (1542394662 
1*0555287520 

35 

0-9626498131 

6 

1-0068161473 

46 

34 

0-9636614922 

7 ' 

1-0079642874 

47 

1*0568218922 

33 

0*9646763542 

8 

1*0091159086 

48 

10581 186243 

32 

0*9656944063 

9 

1-0102710180 

49 

1*0594192254 

31 

0-9667146560 

10 

1*0114296229 

50 

1-0607236129 

1-0620317939 

30 

0-967740 1J 04 

11 

1*0125917331 

51 

29 

0-9687677767 

12 

1*0137573485 

52 

1-0633437758 

, 28 

,0-9697986624 

13 

1*0149264836 

53 

1-0646595659 

27 

0-9708327746 

14 

1*0160991434 

54 

1-0659791,713 

, 26 

0-9718701205 

15 J 

1*0172753350 

55 

1-0673065994 

25 

0-9729107076 

16 

1*0184550658 

56 

! 1-0686298575 

24 

0-9739545430 

17 

1*0196383430 

57 

1-0699609528 

23 

0-9750016341 

18 

1*0208251738 

58 

f-0712958926 

22 

0-9760519880 

19 

1*0220155657 

59 

1-0726346841 

21 

0-9771056121 

20 

1*0232095258 

60 

1-0739773347 

20 

0-9781625136 

21 

1*0244070613 

61 

1-0753238515 

19 

0-9792226998 

22 

10256081797 

62 

1-0766742419 

18 

0-980286i780 

23 

1*0268128880 

63 

1-0780285132 

17 

0-9813529555 

24 

1*0280211937 

64 

.-1/0793866726 

16 

0-9824230394 

0-9834964371 

25 

1 0292331040 

65 , 

0807487273 

.4-0821146847 

15 

26 

1*0304486201 


14 

0-9845731559 

27 

1*0316677673 


1-0834845520 

13 

0-9856532030 

28 

1*0328905349 


1-0848583365 

, w 

0-9867365856 

29 

1 *0341169362 


1-0862360464 

11 

-J2J 

0-9878233112 

0-9889133868 

30 

■ ' 1 

1*0353469784 

70 

1-0876176861 


Gay-Lussac* has turned his attention to the 
tbe expansion of liquids. The following table exhibits the 
result of bis researches. He suppose# the volume.of each of 
the liquids at its boiling temperature to be 1000. Tbe table 


* Aon. de Chim. et de Phw. ii. ISO. 
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represents the contractions which each liquid experienced when See*. 1. 
cooled down every five degrees centigrade below its boiling ~ 
point. The temperatures at which the different liquids trie<} 
boiled were as follows : — 

Water . . . 212° 

Alcohol . . . 173-14 

Sulphuret of carbon . *116-1 

Sulphuric ether . . 96-2 


Tempera- 

ture. 

Water. 

Alcohol. 

Sulphuret of 
carbon. 

Ether. 

Cent 

Contractions. 

Contractions. 

Contractions. 

Contractions. 

0° 

0-00 

0-00 

0-00 

0-00 

5 

3-34 

5-55 

6-14 

8-15 

10 

6-61 

11-43- 

12-01 

16-17 

15 

10-50 

17-51 

17-98 

24-16 

20 

13-15 

24-34 

23-80 

31-83 

25 

. 16-06 

29-15 

29-65 

39-14 

30 

18-85 

34-74 

35-06 

• 46-42 

35 

21-52 

40-28 

40-48 

52-06*, 

40 

24-10 

45-68 

45-77 

6 8-77 " 

45 

26-50 

50-85 

51-08 

65-48 

50 

28-56 

56-02 

56-28 

72-01 

55 

30-60 

61-01 

61-14 

78-38 

60 

32-42 

65-96 

66-21 


65 

34-02 

70-74 



70 

35-47 

75-48 



75 

36-70 

80-11 




The flowing table exhibits the degrees marked upon ther- 
mometers, filled yith different liquids, at the same tempera- 
ture, as determined by the experiments of De Luc.* The 
tubes containing these liquids were of glass ; but as he does 
not mention their capacities, nor the value of a degree, the 
table does not enable us to determine the expansion of the 
liquids used. 


* Recherches sur les Modifications de 1* Atmosphere, i. J271. 
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Chap. I. 


Law of ex- 
pension of 
liquids. 


Mercury. 

Olive oil 

Essential oil 
of camomile 

Essential oil 
of thyme. 

Alcohol ca. 
pable of set. 
ting fire to 
gunpowder. 

Water satu. 
rated with 
common 
salt. 

Water. 

80 ° 

80 ° 

80 ° 

80 ° 

80 ° 

* 80 ° 

80 ° 

75 

74-6 

74-7 

74-3 

73*8 

74-1 

71-0 

10 

69-4 

69*5 

68-8 

67-8 

68-4 

62-0 

65 

64*4 

64-3 

63-5 

61-9 

62-6 

53*5 

60 

59*3 

59*1 

58-3 

56-2 

57-1 

45*8 

55 

54-2 

53-9 

53*3 

50-7 

51-7 

38-5 

50 

49*2 

48-8 

48-3 

45-3 

46-6 

32-0 

45 

44-0 

43-6 

43-4 

40*2 

41-2 

26-1 

40 

39-2 

38-6 

38-4 

35*1 

36-3 

20-5 

35 

34-2 

33*6 

33-5 

30-3 

31-3 

15-9 • 

30 

29*3 

28-7 

28-6 

25-6 

26-5 

11-2 

25 

24-3 

23-8 

23-8 

21*0 

21-9 

7-3 

20 

19-3 

18-9 

19-0 

16-5 

17-3 

4-1 

15 

14-4 

14-1 

. 14-2 

12-2 

12-8 

1*6 

10 

9*5 

9-3 

9-4 

7*9 

8-4 

0-2 

5 

4-7 

4-6 

4-7 

3-9 

4-2 

0.4 

0 

0-0 

0-0 

0-0 

0*0 

0-0 

0-0 

—5 




— 3-9 

— 4-1 


—10 




— 7-7 

— 8-0 

* 


In these thermometers 0 denotes the temperature at which 
water freezes, 80° the temperature at which it boils. 

Mr Emmett has observed, that if the temperatures of liquids 
be taken in arithmetical progression, the volumes at these 


temperatures are the logarithms of a 
in arithmetical progression ; which 
ciprocals of a series of numbers ij^ 
The following tables will sorv 
constitutes a near approximate 

ii An* - 



progression. 


lUhdfrate this law, which 
truth. 


Temp. 

Volume. 

50 ° 

100183 

80 

508 

110 

--1813 

140 

—1119 

170 

—1424 

200 

—1730 


Log. of 

12594-5 

Diff. of numb. 

12603-98 

9-48 

12612-8 

8*82 

12621-7 

8*9 

12630-6 

8*9 

12639-5 

v 8-9 


♦ knn&ls of Philosophy, (second series,) viii. 254. The tablet are, I 
believe, founded on a set of experiments which 1 made many years a go, 
and which 1 inserted in an early edition of my Chemistry. 
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SULPHURIC ACID. 


Tempi 


' Volume.! 

■ - - i . ■ ■ 

Log. of 

JEffi ofnuiuh.' 

50° 


100000 

• . . 

12591*6 


80 


806 

a 

12612*6 

; . 21*0 

110 


—1540 

. 

12633*9 

. 21-3 

140 


—2320 


12659*4 

• 25*5 

170 


— aii6 

• 

12680*0 

. 20*6 , 

200 


—3911 


12703*1 

. 23*1 




NITRIC ACID. 


Temp. 


Volume. 


Log. of 

Diff. of numb. 

50° 


100000 

• 

12589*2 


80 

. 

—1530 

. 

12633*6, 

. 44*4 

110 

• 

103196 

. 

12682*2 

. 48*6. 

140 

• 

—5132 

- • 

12738*9 

. 46*7 




WATER. 



Temp. 


Volume. 


Log. of 

DUE of numb. 

50° 

. 

100023 

. 

12590*0 


70 

. 

197 

• 

12594-9 

4*9 

90 


694 

• 

12669*3 

4*4 




ALCOHOL. 



Temp. 


Volume. 


Log. of 

DUE of numb. 

40° 

. 

100539 

* . 

12604*8 


60 

. 

—1688 

. 

12638*2 

. 33*4 

80 

. 

—2890 

• 

12673*3 

. 35*1 

100 

• 

—4162 

, 

12710*4 

37*1 


Seek I. 


It would appear from the investigations of Despretz, Hall- 
strom, Muncke, &c., that most liquids have a point of maxi- liquids, 
mum density, and that if they be heated or cooled beyond that 
point, they expand. This point was first observed in water. 

The phenomena which led to the knowlefige of it were, first 
observed by the Florentine academicians. An account of their - 
experiments was published in the Philosophical Transactions 
for lfi?0.* . They filled with water a glass ball, terminating 

* ■ • . 

■ — Phil. Trims. No. 66, or vol. v. p. 2020. Abridgment, i. 540. See 
itself in the English translation of the Memohm of the 
Academy del Cimento, p. If. f 
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I. 


in a narrow graduated neck, and plunged it into a mixture of 
snow and salt. The water started suddenly up into the neck, 
in consequence of the contraction of the vessel, and slowly 
subsided again as the cold affected it. After a certain inter- 
val it began to’ rise again, and continued to ascend slowly and 
equably,' till some portion of it phot into ice, when it sprung 
up at once with the greatest velocity. The attention of the 
Royal Society was soon afterwards called to this remarkable 
expansion by Dr Croune, who, in 1683, exhibited an experi- 
ment similar to that of the Florentine philosophers, and con- 
cluded from it, that water begins to be expanded by cold at 
a certain temperature above the freezing point. Dr Hooke 
objected to this conclusion, and ascribed the apparent expan- 
sion of the water to the contraction of the vessel in which the 
experiment was made. This induced them to cool the glass 
previously in a freezing mixture, and then to fill it with water. 
The effect, notwithstanding this precaution, was the same as 
before.* Mr De Luc was the first who attempted to ascertain 
the exact temperature at which this expansion by cold begins 
He placed it at 41°, and estimated the expansion as nedlfy 
equal, when water is heated or cooled the same number^ of 
degrees above or below 41°. He made his experiments in 
glass thermometer tubes, and neglected to make the correc- 
tion necessary for the contraction of the glass ; but in a set of 
experiments by Sir Charles Blagden and Mr Gilpin, made 
about the year 1790, this correction was attended to. Water 
was weighed in a glass bottle, at every degree of temperature 
from|32°. to 100°, and its specific gravity ascertained. They 
fixed the maximum of density at 39°, and found the same ex- 
pansion very nearly by the same change of temperature either 
above Or below 39°. The following table exhibits the bulk 
of water a^ the corresponding degrees on both sides of 39°, 
according to their experiments.! 


* Birche's Hist, of the Royal Society, ir. 253., 
f 'Phil. Trans. 1792, p. 428. 
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Specific gravity 

Bulk of water. 

Temperature. 

Bulk of water. 

Sp. gravity of da 


1-00000 

39° 

1-00000 


1-00000 

00 

38 

40 

00 

1-00000 

0-99999 

01 

37 

41 

01 

0-99999 

0-99998 

02 

36 

42 

02 

0-99998 

0-99996 

04 

35 

43 

04 

0-99996 

0-99994 

06 

34 

44 

06 

0-99994 

0-99991 

08 

33 

45 

08 

0-99991 

0-99988 

12 

32 

46 

f2 

0-99988 


Mf Dalton, in a, set of experiments published in 1802, ob- 
tained nearly the same result as De Luc. He placed the 
maximum density at 42*5°, not making any correction for the 
contraction of the glass; and observed, as Blagden had done 
before him, that the expansion is the same on both sides of the 
maximum point, when the change of temperature is the same, 
and continues however low down the water be cooled, provided 
it be not frozen. # 

All these experiments had been made by cooling water in 
glass vessels; but when the French were forming their new 
weights and measures, the subject was investigated by Lefebvre- 
Gineau in a different manner. A determinate bulk of water, 
at a given temperature, was chosen for the foundation of their 
weights. ' To obtain it, a cylinder of copper, about nine French 
inches long, and as many in diameter, was made, and its bulk 
measured with the utmost possible exactness. This cylinder was 
weighed in water of various temperatures. Thus was obtained 
i he weight of a quantity of water equal to the bulk of the cylinder ; 
and this, corrected by the alteration of the bulk of the cylinder 
itself from heat or cold, gave the density of water at the tem- 
peratures tried. The result was, that the density of the water 
constantly increased till the temperature of 40°, below vrihich 


Sect I. 


* Manchester Mem. v. 374, 
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Chap* I- it as constantly diminish^.* These experiments seem to have 
been made about the year 1795. More lately a set of experi- 
ments yms tried by Hallstrom exactly in the same way; but 
he substituted a cylinder of glass for the one of metal. The 
result which he obtained was the same. The necessary cor- 
rections being made, he found the maximum density of water 
to be 4*1 centigrade, or 39 0, 38 Fahrenheit/!* The subject 
was afterwards investigated, in a ve^y ingenious set of experi- 
ments by Dr Hope. He employed tall cylindrical glass jars, 
filled with water of different temperatures, and having thermo- 
meters at their top and bottom. The result was as follows: 
1. When water was at 32°, and exposed to air of 61°, the 
bottom thermometer rose fastest till the water became of 38°, 
then the top rose fastest. Just the reverse happened when the 
water was 53°, and exposed to the cold water surrounding the 
vessel; the top thermometer was highest till the water cooled 
down to 40°, then the bottom one was highest. Hence it was 
inferred, that water when heated towards 40° sunk down, and 
above 40° rose to the top, and vice versa . 2. When a freez- 

ing mixture was applied to the top of the glass cylinder (temp, 
of air 41°,) and continued even for several days, the bottom 
thermometer never fell below 39°; but when the freezing mix- 
ture was applied to the bottom, the top thermometer fell to 
34° as soon as the bottom one. Hence it was inferred, that 
water when cooled below 39° cannot sink, but easily ascends. 
3. When the water in the* cylinder was at 32°, and warm water 
applied to the middle of the vessel, the bottom thermometer 
rose to 39° before the top one was affected; but when the 
water in the cylinder was at 39°*5, and cold was applied tor 
the middle of the vessel, the top thermometer cooled down to 
33° before the bottom one was affected4 

Count Rumford likewise published a set of experiments, 

* Jour, de Phys. xlix. 171 ; and Huay’s Trait de Physique, i. 35 and 
181. 

f Gilbert's Annalen der Physik, xvii. 20t ; and PoggendorPs AnnaJen, 
i. 15 19. 

t See Edin. Trans, vol. vi. The paper *as published before October, 
1804. 
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conducted nearly on the same p^jpciples with those of Dr Sect. I. 
Hope, and leading to the same results. They are contrived 
with his usual ingenuity; but as they are of posterior date, \ 
and add nothing to the facts above stated, I do not think it 
necessary to detail them.* Dr Hope’s experiments and those 
of Count Rumford coincide with those above related, in fixing 
the maximum density of water at between 39° and 40°. 

Many, careful experiments have been made within these 
few years to determine the exact point at which water reaches 
its maximum density ; but as no absolutely exact formula for 
the expansibility of water is known, the point can scarcely be 
accurately reached. Stampfer makes it 38 0, 75.| Hallstrom, 
who has returned to the investigation again and again, has 
finally pitched upon 39 o, 02 as the.true point. Muncke from his 
experiments, obtained 38 0# 75. But by calculation, he raises 
it to 38°’8044 Mr James Crichton of Glasgow fixed it at 
39*08. And Despretz has fixed upon 39 0, 2 as the true 
point. It is obvious that it cannot deviate far from 39°, the 
point deduced experimentally by Blagden and Gilpin. 

It is well known to mathematicians that the point of great- 
est density of a liquid is obtained by Resolving the differential 

equation — -=0* t being the temperature, and Av the corres- 

uf 

ponding volume of the liquid at the temperature t. If we had 
. an -absolutely correct formula to represent Au, it is obvious 
that we could obtain, by solving the above differential equa- 
tion, the point of greatest density of every liquid. Though 
this is not strictly speaking the case, yet empyrical formulas 
%have been calculated whiqjh express the expansibility corre- 
sponding with the experimental results obtained. This was 
done long ago for water by Dr T. Young and by M. Biot. 
Formulas for 12 different liquids have been calculated by 
Professor Muncke ; and as they may be often useful in che- 
mical investigations, they will be found in a note.§ 

• See Nicholson’s Journal, xi. 228. Aug. 1805. 

+ Poggendorf’s Ann. xxi. 75. % Ann. de Chim. et de Pliys.* Ixiv. 15. 

§ 1. Water. aV = — 0*000059473293 1 + 0*000008210029 
—0*000000062 1 40 i 3 + 0*000000000289 P. 
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If we resolve the diffeftntial equations 0 by means 

*, of these empyrical formulas, we obtain the following numbers 
for the degree of greatest density of each liquid : — 

1. Water, . . . 38°*804 Fahrenheit. 

2. Weak Alcohol, . . _69°-88 

3. Ether, . . . _38°-08 

4. Petroleum, . . . — 96°-07 

5 . Liquid ammonia. Has no point of maximum density. 

6. Muriatic acid, 1 ' 

7. Nitric acid, ?■ Have no point of maximum density. 

8. Oil of Almonds. J 

9. Absolute Alcohol, . . — 140° 

10. Bisulphuret of Carbon. Has no point of maximum 

density ; or at least the equation — o, contains impossi- 
ble roots. 

* 

Despretz has shown experimentally that sea water and all 


2. Sea water. aV = —0 -00005769938 1 + 0 0000050963866 t 3 
— .‘0-00000001873304 1 3 + 0-0000000000617807 t*. 

3. Alcohol. aV sr 0-0009896660787 1 + 0-000003034892828 1* • 

. -*0-0000000895924 1 3 -(- 0-00000000036364 t«. 

4. Petroleum. aV =0 0009885588 1 + 0 -00000212046 1 3 — 
0-00000002676399 1 3 -f- 0-0000000001950677 1*. 

5. Liquid ammonia. aV ss 0-000285586 1 + 0-000002600199 t 3 + 
0-00000006116338 1 3 _ 0-000000001046984 1*. 

6. Muriatic acid. aV = 0-000566237 1 — - 0 000000829489 1 1 -f- 
0-000000037084759 <•* — 0-0000000004721563 1*. 

7. Nitric acid. aV = 0 0010661285 1 — 0-0000016461 <* + 
0-00000004489136 1 3 _ 0 00000000019824 1*. 

a Ether. aV = 0-00150268447 1 + 0-0p0002255214 t 3 _ 
0-00000015783 f 3 + 0-0000000041466 1* (1-836). 

9. Sulphuric acid. aV = 0 000551615581 1 + 0-00000083851987 1 3 — J 
0-000000008171231 t 3 + 0-0000000000252167 «. 

10. Almond oil. aV = 0-0007445475 1 + 0-0000003134379 < 3 + 
0-000000002750899 1 3 — 0-000000000015975079 1*. 

11. Absolute alcohol. aV = 0-0010151 148848 1 + 0-00050308840829 1* 
— 0-0000000192458568 *». 

12. Bisulphuret of carbon. aV s= 0 001 12569063f968 1 4. 
0-000h017l5049347 1 * + 0-00000000121166076569 1». 

t am temperature in centesimal dcgiees. See Ann. de Chim. et de Pbys. 
lxiv. 6. 
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aqueous, alcoholic, saline, acid, and t&aline solutiops, have a s e#. J. 
point of greatest density. This point sinks much faster than 
the freezing point; but both are proportional to the quantity 
of water in which the other substances are dissolved.* 

The explanation of this curious law that water of the tem- ; 
perature of 39° expands when we reduce it to a lower tem- 
perature, which is generally adopted, is, that 39° is the lowest 
point at which water is perfectly fluid. When its temperature 
falls below this point, its particles begin to assume that new 
position with respect to each other, which they have when the 
liquid is converted into ice. Now ice has a lower specific 
gravity than water; of course the interval between its particles 
is greater: and the particles begin to assume this greater dis- 
tance when cooled down below 39°. With respect to the 
equality of the volume of water at equqj distances above and 
.below 39°, it must be accidental, and entirely owing to the 
diminution which glass experiences in its expansion as the 
temperature sinks. 

When salt is dissolved in water, the temperature of the Maximum 
greatest density" of the water is lowered in proportion to the brined °* 
quantity of salt in solution, so that it speedily sinks below the 
freezing point of the liquid, in consequence of which the ano- 
maly disappears. Thus water of the specific gravity 1*0100, 
having about 7 \ y th of its weight of common salt dissolved in it, 
has its point of greatest density at 35°*375, or 4 degrees lower 
than pure water. Water of the specific gravity 1*0200, or 
containing ^th of its weight of salt, has its point of greatest 
density below the freezing point. Water of the specific gra- 
vity 1*027, or containing / 7 th of its weight of salt in solution, 
has also its point of greatest density below- its freezing point. 

In such liquids, accordingly, the point cannot be observed.!* 

These facts render the common explanation of the cause 
of the maximum density of water being at 39°, exceedingly 

* Poggendorf s Ann. xli. 66. Erman has published a curious set of 
experiments and calculations on the specific gravity of sea water and solu- 
tions of common salt at different temperatures. See Poggendorfs \nn. 
xli. 72. 

. f See Erman’s experiments, Ann. dc Chim. ct de Phys. xxxviii. 287. 
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Chap, 1, doubtful. The experiments of M. Erman on the expansion 
of Rose’s fusible metal at different temperatures, is if possible 
still more inconsistent with it.* What is called Rose’s fusible 
metal is an alloy of 

2 parts by weight of bismuth, 

1 part of lead, 

1 part of tin. 

It melts at 200°* 7 5, which is considerably lower than the fusing 
point of Newton’s fusible metal. Erman has found that the 
specific gravity of this alloy is the greatest at the temperature 
of 155 0# 75, and the least at the temperature of 1 10°*75. Now 
at both of these temperatures the metal is solid. It will be 
worth while to insert here the table of the change of volume 
which this metal undergoes at different temperatures, as de- 
termined by Erman’s.experiments, on account of the different 
rates at which these alterations take place at different parts* 
of the series. 

Volume. Temp. Volume. 

1-00000 223°-25 1-01842 

1-00088 234-5 1-019?2 

1-00192 245-75 1-02105 

1-00326 257 1-02217 

1-00443 268-25 1-02289 

1-00681 279-5 1-02395 

1-00803 .290-75 1-02529 

1-00830 302 1-02599 

1-00679 313-25 1-02693 

1-00129 324-5 1-02784 

0-99480 335-75 1-02916 

0-99291 347 1-03072 

0- 99389 358-25 1-03152 

369-5 1-03277 

1- 00005 380-75 1-03403 

1-00862 392 1-03495 

1-01792 

From 32° to 110°*75, the changes of volume are nearly 
proportional to the temperatures. Beyond 1^0°*75 (where 
the volume is a maximum) the metal undergoes a contraction 
instead of an expansion when heat is added. This contrac- 
tion is at first very rapid, but it gradually diminishes to about 



* Ann. de Chim. et de Phys. xl. 197. 
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155°*75, which is the point of greatest density. The volume Sect. I. 
at 178 0f 25 is nearly the same as at 32°. The volume from 
1 55°*7 5 begins to increase at first very slowly, but the increase 
gradually augments to 200°’75, which is the point of fusion. 

Between 200°*75 and 212°, the increase of volume is very 
considerably; but beyond that point the increase is nearly 
similar*to what it was between 32° and 110 o# 75. 

Erqjan has also made a set of experiments to determine the 
dilatation of phosphorus at different temperatures. It has no 
point of maximum density, but continues to dilate as the heat 
increases. The following table shows the amount of this dila- 
tation.* 

Temp. Volume. Temp. Volume. 

32° 1-000000 77° *1-008973 

38-5 1-001461 *88-25 1-011889 

43-5 1-002571 96-575 1-014338 

49*1 1-004466 100-85 l-046847f 

52-25 1-005212 110-3 1-051709 

56-75 1-005366 120-425 1-054319 

59-9 1-005711 131-48 1-057679 

62-15 1-006172 142-25 1-061349 

64-175 1-006439 152-375 1-067985 

66-75 1-006630 163-625 1-071143 

69 1-006953 175-1 1-075070' 

74-75 • 1-008504 186-125 1-079086 

We see from this table the sudden increase of volume which 
the phosphorus undergoes when it becomes liquid. While the 
phosphorus is solid, the increase of volume which it sustains 
is nearly proportional to the temperature. But liquefaction 
produces a sudden expansion independent of the temperature. 

£fter liquefaction, the dilatations from a given quantity of heat 
are much greater than when the phosphorus was solid, but 
still these dilatations are proportional to the temperature. 

3. Solids are precisely in the same situation with liquids as Expansion 
far as their expansion by heat is concerned. Their particles ofso * id8, - 
attract each other, with more or less force according to the 
£olid. This attraction opposes the expanding power of heat. 

Hence every solid must have a degree of expansion peculiar 

* Ann. de Chim. et de ’Phys/xl. 209. 
t At this temperature the phosphorus melted. 


Expansion 
of phospho- 
rus. 



28 HEAT. 

Cha P- *■ to itself ; and the rate of expansion in solids as % well as liquids 
must increase as their temperatures augment. 

As glass tubes, filled with mercury, are employed in order 
to measure temperature, it becomes an object of great conse- 
quence to determine the dilatability of different kinds of glass 
by heat. Mr James Crichton of Glasgow has examined this 
dilatability with uncommon care. The following table Exhibits 
the results of his experiments. 


Expansion 
of glass. 




1 in volume at 32* 

. becomes at 212° 

1 in length at 32° 
becomes at 212° 


Sp. gr. 

In Decimal. In Vulg. fr. 

In Decimal. In Vulg. fr. 

Colourless glass 
Flint glass 

3-176 

1-002094 

1*002422 

1-0006963 tAt 

Brownish red J 

3-301 

1-002147 aYr 

1-0007158 -rAr 

Deep blue 

3-229 

1-002365 Wtt 

1-0007861 t*Vt 

Dusky red 

1 3-274 

1-002403 ttVt 

1-0008012 t»Vt 

Dulong and Petit’s 

' 1 

1-002344 

1-0007788 -nrVt* 


Different kinds of glass differ so much from each other that 
no general rule can be laid down. Lavoisier and Laplace 
found that it was the less dilatable by heat the more lead it 
contained.! Several determinations will be found in the pre- 
ceding tables, and I shall add some more here. Ramsden 
found the expansion between 32° and 2J2° of a solid glass 
rod 0*0096944, and that of a glass tube 0*0093138. De Luc's 
experiments on the expansion of thermometer and barometer 
tubes may be seen in the following table. 


Temp. Bulk. 

32° 100000 

50 100006 

70 100014 


Temp. Bulk. 

100° 100023 

120 100033 

150 100044 


Temp. Bulk. 

167° 100056 

190 100069 

212 100083 


I shall introduce here the table of the expansion of different 
solid bodies from 32° to 212°, as determined by Lavoisier and 
Laplace, in 1782. The experiments seem to have been made 
with very great care. They were supposed to have been lost; 
but have lately been recovered and published by Biot4 


correction pointed out by Mr Crichton in the calculations of 
Dulong and Petit has been made. See Annals of Philosophy, (second 
series,) vii. 24. J 

f Biot. Traitc dc Physique, i. 157. f Traite dc Physique, i. 158. ' 
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Substances tried. 

Glass of St Gobain 
Glass tube without lead 
Ditto .... 

Ditto .... 

English flint glass 
French glass with load* 

Copper .... 

Copper .... 

Brass ..... 

Brass 

Hammered iron 

Iron wire .... 

Hard steel .... 

Soft steel .... 

Tempered steel 

Lead 

Malacca tin 

Tin from Falmouth 

Cupelled silver 

Silver, Paris standard 

Pure gold .... 

Gold, Paris standard, not softened 

Ditto, softened 


Length of a rule at 
218® which at 32® 

DilatajtiQI 

in vulgigj 

Sect. I. 

is 1.00000000. 

fractions. 


1,00089089 

tttt 

Experi- 

1,00087572 


ments of 
Lavoisier 

1,00089760 

ttStt 

and La- 
place. 

1,00091751 

tA rv 

1 , 00(^:1166 

T 4 TV 


1, 0008 r 199 

ttVt 


1,00172244 



1,00171222 

Tf? 


1,00186671 



1,00188971 

siv 


1,00122045 

■s-f-g- 


1,00123504 

i 

rrv 


1,00107875 . 

viv 


1,00107956 

TTatf 


1,00123956 

vik 


1,00284836 

Trir 


1,00193765 

"STS' 


1,00217298 



1,00190974 



1,00190868 



1,00146606 



1,00155155 

iris 


>,00151361 

1THT 



In the year 1754, Mr Smeaton published a set of experi- 
ments on the expansion of different substances, measured by 
means of a very ingenious instrument of his own invention, 
described by him in the Philosophical Transactions for that 
year.f The following table shows the expansions which the 
different substances tried, undergo from 32° to 212°, suppos- 
ing the original bulk to be unity. * 


White glass barometer tube 
Antimony 
Blistered steel 
Hard steel 


0*00083 « of Smea- 

0*001083 ton * 

0*001125 
0*001225 


* Rudberg says that soda glass expands £ more than potash glass*. See 
Poggendorf’s Annalcn, xli. 283. Our English crown glass and also*flint 
glass is made with soda, 
f Phil. 'Frans. 1754, p, 598. 
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Chap. I. Iron ...... 

0*001258 

Bismuth 

0*001392 

Copper hammered 

0*001700 

Copper, 8 parts mixed with tin 1 

0*0018166 

Brass, 16 parts with tin 1 

0*001908 

Brass wire 

0*001933 

* Speculum metal .... 

0*001933 

Spelter solder, viz. brass 2, zinc 1 

0*002058 

Fine pewter 

0*002283 

Grain tin 

0*002483 

Soft solder, viz. lead 2, tin 1 

0*002508 

Zinc, 8 with tin 1, a little hammered 

0*002692 

Lead . * 

0*002867 

Zinc 

0*002942 

Zinc hammered £ an inch per foot 

0*00301 1 

The following table oxhibits the dilatations of different sub- 

stances as determined by General Roy, the accuracy of whose 
experiments is well known. 

General Glass tube ..... 

0-00077615 

R ° y * Glass rod 

0-00080787 

Cast-iron prism .... 

0-0011094 

Steel rod 

0-001 1447 

Brass scale, supposed from Hamburgh 

0-0018554 

English plate brads rod 

0-001875 

English plate brass trough 

0-0018928 

In the following table I shall give the result of the trials of 


some other artists and philosophers on the expansion of some 
other bodies, reckoning as usual the bulk at 32° to be 1. The 
expansion given is from 32° to 212°. 


Steel 

0*0011899. 

Troughton. 

Silver 

0*0020826. 

Troughton. 

Copper 

0*0019188. 

Troughton. 

Iron wire 

0*0014401. 

Troughton. 

Iron 

0*001446. 

Hallstrom. 

Platinum 

0*0009918. 

Troughton. 

„ Platinum 

0*00085655. 

Borda. 

Palladium 

0*0010. 

Wollaston. 


The following table exhibits the expansion of an iron rod 
in length for different temperatures, as determined by the 
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experiments of Hallstrdm, I believe -with considerable ac- Sect. I. 


curacy. 






Temp. 

Length of an iron rod. 

ut Dim 

2d DifT. 

3d DifT. 

Expansion 

1 

O 

0 

0-999632 




of iron. 

— 22 

0-999721 

89 




— 4 

0-999811 

90 

1 



+ 14 

0-999904 

„ 93 

3 

2 


32 

1-000000 

96 

3 

0 


50 

1-000102 

102 

6 

3 


68 

1-000211 

109 

7 

1 


86 

1-000328 

117 

8, 

1 


104 

1-000453 

125 

8 

0 


122 

1-000588 

135 

10 

2 



1-000734 

146 

11 

1 


158 

1-000892 

158 

12 

1 


176 

1-001063 

171 

13 

1 


194 

1-001247 

184 

13 

0 


212 

1-001446 

199 

15 

2 



We see from this table that the dilatation of iron increases 
with the temperature.* Few other experiments have been 
made to determine the rate at which the expansion of solids 
increases with the temperature, though there is no reason to 
doubt that such an increase takes place in all solid bodies. 

The following table shows the dilatation of iron, copper, and 
platinum, at 212° and at some higher temperature, as deter- 
mined by the experiments of Dulong and Petit. 

Increased 
dilatation 
by heat. 


* If 1 be the side of the cube constituting unity of volume, d the dilata- 
tion of that side for an increase of temperature, the volume of the cube be- 
comes (1 + d) 3 , or 1 + 3rf+3rf2 + c?3. But d in general being very 
small, 3 d 2 and d 3 may be neglected ; so that the new cube may be ex- 
pressed by 1 + 3 d. Hence we see that thrice the linear dilatation is 
very nearly the cubic dilatation; # 

For the same reason the dilatation of a surface will be expressed by 
1 + 2 d. 


Temp, de- 
duced from 
dilatation of 
air. 

Dilata- 
tion of 
iron. 

Temp, indicated 
by a thermo- 
meter made of 
iron. 

Dilata- 
tion of 
copper. 

1 ' 

Temp, by a ther- 
mometer made 
of copper. 

Dilata- 
tion of 
platinum 

Temp, by a ther- 
mometer made 
of platinum. 

Cent. 

100° 

300 

Fah. 

212° 

582 

Tffiror 

aaW 

Cent. 

100° 

372-6 

Fah. 

212° 

702-7 


Cent. 

100° 

328-8 

Fah. 

212° 

623-8 


Cent Fah. 

100° 212° 
311-6592-88 

Twer? 

17 001 

3 0 3 00 
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* Chap. /. 


Some bo- 
dies expat 
when the] 



The following linear dilatations have been determined h y 
Mr Daniel, when engaged in making experiments with his 
pyrometer.* 


Dimensions which a bar takes whose length at 62° is 1*000000. 



At 2120 (150°). 

At 662° (600°) 

At point of Fusion 

Black-lead ware 

1*000244 

1-000703 


Wedge wood ware ... 

1-000735 

1*002995 


Platinum 

1-000735 

1*002995 

(1*009926 maximum 
but not fused.) 

Iron (wrought) 

1*000984 

1*004483 

(1*01 837 8 to the fusing 

point of cast iron ) 

Iron (east) 

1*000893 

1*003943 

1-016389 

Gold 

1*001025 

1*004238 


Copper 

Silver 

1-001430 

1-006347 

1-024376 

1-001626 

1-006886 

1-020640 

Zinc 

1-002480 

1-008527 

1-012621 

Lead 

1-002323 


1-009072 

1-003798 

1-021841 

Tin 

1-001472 

1-001787 


Brass. Zinc ^ 

1-007207 

Bronze. Tin £ 

1-001541 

1-007053 

1-016336 

Pewt.ftr. Tin 

1-001696 

1-001696 


1-003776 

1-004830 / 

Type Metal 



There are various bodies; which, when cooled dowx&^jjtiy^ 
particular point, change their state, and from being4kjm^s 


become solids. This change is frequently accompam^% ; hy a 
diminution of bulk. Thus when olive oil freeze^^^hakatto 
the bottom of the unfrozen portion, indicating pn lrorease of 
density or a diminution in bulk. When melted gold or Silver 
is allowed to congeal, it also contracts in its dimensions, or 
diminishes in bulk. It is this diminution which prevents money 
from being cast of these metals, and obliges us to stamp it. 
But the case is very different with water, and with many^ther 
liquid bodies when they congeal. They experience a^tonsid- 
erable augmentation of bulk in the act of congeal^. *V The 
consequence is, that the specific gravity of the JolW body is 
less than that of the liquid, though its ternpera$fire be lower. 
These bodies, at that particular temperature 4 *at which they 
change their state, constitute another exception to the general 
law of expansion by heat. They* increase >in bulk when cooled 
down, instead of when heated. This cl^inge, however, is ob- 

* Phil. T$ahs. 1831, p. 456. 
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vjlously owing to the new form which 'the body assumes, and Sect. I. 
indicates a new arrangement of the particles, in consequence 
of which they separate to a greater distance than formerly. 

I found, a good many years ago, that ice, supposing it quite 
free from air bubbles, will remain at rest in any part of a 
quantity of alcohol diluted with water, till its specific gravity 
he reduced to 0*92 : hence it obviously possesses the specific 
gravity of 0*92. Messrs Roget and Dumas state the specific 
gravity of ice to be 0*95.* When ice shoots upon the surface 
of water, it forms prisms, making angles of 60° and 120° with 
each other. Mr Dalton has shown that if we consider the 
particles of water to be spherical and of the same size, and 
suppose a cubic vessel to be filled with water, the particles at 
the bottom may be conceived to he placed in regular rows. 

The second stratum will also constitute regular rows, but each 
particle will be placed in the intervals between the inferior 
row, so that each particle will rest upon or in the interval be- 
tween four particles below it. Let us suppose the cubic box 
to be drawn into a rhombus, the sides of which make angles 
of 60° and 120° wuth each other, the lowest stratum will still 
consist of the same number of particles as before ; but every 
particle, instead of touching four others, as in the former case, 
will now touch six others, so that the intervals between the 
particles will be less than before. But the height of the pile 
will be increased, every particle in the second stratum resting 
in the interval of three particles below it. Mr Dalton has 
shown that the capacities (or the number of particles) in the 
two vessels will be as 0*707 to 0*750 very nearly, or as 1*00 
to 0*942.f ®Now this is very nearly the difference between 
the specific gravity of water and ice. Hence it is probable 
that the diminution of density is owing to such a new arrange- 
ment of the particles of water. 

The prodigious force with which water expands in the act As water, 
of freezing has been long known to philosophers. Glass bottles 
filled with water are commonly broken in pieces when the 

* Annals of Philosophy, (second series,) iii. 392. 

+ Dalton's New System of Chemical Philosophy, i. 135. 

D 
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Q»|>. h water freezes. The Florentine academicians burst a brass 
* globe, whose cavity was an inch in diameter, by filling it with 
water and freezing it. The force necessary for this effect was 
calculated by Muschenbroeck at 27,720 lbs. But the most 
complete set of experiments on the expansive force of freezing 
water are those made by Major Williams at Quebec, and pub- 
lished in the second volume of the Edinburgh Transactions. 

The same expansion is observed during the crystallization 
of most of the salts; all of them at least which shoot into pris- 
matic forms. Hence the reason that the glass vessels in which 
such liquids are left usually break to pieces when the crystals 
are formed. A number of experiments on this subject have 
been published by Mr Vauquelin.* 

Several of the metals have the property of expanding at 
the moment of their becoming solid. Reaumur was the first 
philosopher who examined this point. Of all the metallic 
v bodies that he tried, he found only three that expanded, while 
bismuth"’ the rest contracted on becoming solid. These three were 
and anti- cast iron , bismuth, and antimony.] Hence the precision with 
which cast iron takes the impression of the mould. 

Crystals. When bodies crystallize, they generally increase in bulk ; 
hut when they become solid without any appearance of crys- 
tallization, diminution of bulk very frequently accompanies the 
change. Most of the oils, when they solidify, form very regu- 
lar spheres. The same thing happens to honey, and to some 
of the metals, as mercury, which Mr Cavendish has shown 
from his own experiments, and those of Mr Macnab, to lose 
about of its bulk in the act of solidification4 When sul- 
phuric acid congeals, it does not perceptibly expahd, nor does 
it in the least alter its appearance. Sulphuric acid, of the 
specific gravity 1*8, may be cooled down in thermometer tubes 
to — 36° before it freezes ; and during the whole process it 
continually contracts. At — 36°, or about that temperature, 

* Ann. de Chim. xiv. 283. 

t Mem. Tar. 1726, p. 273. Berthollet’s Statique Chimjque, ii. 348. 
Thi other metals tried by Reaumur were gold, silver, copper, tin, lead, and 
zinc. 

X Phil. Trans. 1783, p. 23. 
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it freezes; but its appearance is so little altfered, that I could Sect, it. 
tiol satisfy myself whether or not the liquid was frozen till I * * * § 
broke the tube. It was perfectly solid, and displayed no ap- 
pearance of crystallization. On the other hand, cast iron 
expands in the act of congealing.* 

SECT. II OF THE THERMOMETER. 

The knowledge of expansion qualifies us for understanding 
tthe nature of the thermometer , an instrument contrived for 
measuring the alterations which may take place in the tem- 
peratures of bodies. 

The invention of the thermometer, like that of gunpowder, ® toe Owr- 
is involved in considerable obscuyity. Drebbel, a physician mometer. 
at Alkmaer in Holland, is stated by Boerhaave to have made 
thermometers about the beginning of the 17 th century. Sanc- 
torio, the celebrated founder of statical medicine, who was a 
professor at Padua, at the commencement of the 17th cen- 
tury, lays claim to the invention of the thermometer .f And 
this claim is sanctioned by Borelli, who gives us ap engraving, 
together with a description of the original thermometer of 
Sanctorio4 Malpighi, also, who was a professor at Pisa, 
and the intimate friend of Borelli, ascribes, in his posthumous 
works, the original invention of the thermometer to Sanctorio.§ 

These testimonies are sufficient to satisfy us that Sanctorio 
was the first person who thought of constructing a thermo- 
meter, at least in Italy, which wad at that period the peculiar 
seat of the sciences. 

Sanctorio’s thermometer was merely a glass tube with a First ther- 
ball blown at the extremity, the open end of which, after the air one. 
air had been somewhat rarified, was plunged into a coloured 
liquid. When the air cooled, it resumed its original bulk 

* Despretz found that margaric acid, oleic acid, stearic acid, olive oil, 
cetin, paraffin, and naphthalin, all diminish in volume when they freeze. 

See Poggenddrf's Annalen, xli. 498. 

f Com. in Galen. Art. Med. p. 736, 842 ; as quoted by Dr Martfte. 

X De Motq Animalium, lib. ii, prop. 175. 

§ Oper. Post. p. 30. See Marine’s Essays, f, 4. 
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Ch*p> I. tube to whicji It descended the first time, and will remain sta- 
tionary there so long as any considerable part of the Snow 
remains unmelted.* This shows that melting snow is always 
equally cold, or has the power of reducing the thermometer 
to one steady density, which may be called the melting snow 
expansion of the quicksilver. 

The second discovery of Dr Hooke was of a similar nature. 
He found that other things being the same, water always be- 
gins to boil at the same temperature. If, therefore, wfi take 
the thermometer us^L in the preceding experiments, immerse 
it in boiling water, or surround it with steam, and keep the 
liquor boiling around it for sometime, the mercury will ascend 
to a certain point in the tube, and however long we continue 
to boil the water, it will ascend no higher. If we mark 
part of the tube to which the mercury rose, and afterwar 
repeat the experiment ever so often in places of the same 
height above the surface of the sea, and when the height tJ$ 
the barometer is the same, the mercury will always rise to the 
same point as the first time. Thus boiling water has the 
power of bringing mercury to another determinate state of 
expansion, which may be called the boiling water expansion of 
mercury.f 

These two points may be marked upon the tube of any 
thermometer, by plunging it first into melting snow, and then 
into boiling water. The distance between them will be very 
various in different thermometers, on account of their different 
sizes, and the different proportions which the balls and tubes 
bear to each other. But being marked on each instrument, 

* I have taken no notice in the text of the curious observations lately 
made at Geneva, that thermometers graduated in the way 1 have de- 
scribed, and kept for a considerable time, at last came to stand perma- 
nently a degree or half a degree above the original freezing point, when 
plunged into melting spow. 1 do not understand the reason of this change, 
and am satisfied that k does not universally take place; for I possess a 
thermometer graduated more than 40 years ago by Mr Crichton of Glas- 
gow, the freezing point of which is still as accurate as when the instru- 
Wmefit was made. 

+ The boiling point must be fixed when the barometer stands at a deter- 
mined point, usually 29*&2 inches. 
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tfcey will enable us to perceive when the instrument is reduced Sect, u 
to the temperature of boiling or freezing water. Thtf distance 
between these two points may be divided into any number of 
parts or degrees, taking care always to divide it into the same 
number of degrees in each thermometer, and to number them 
in the same way in each. The corresponding degrees in the 
several thermometers, will show the corresponding states of 
expansion in these different instruments. If we wish to mea- 
sure other states of expansion above or below the primary 
points, we can protract the scale above or below these points 
by adding to it as many degrees of the same size as the tube 
will hold, numbering these also in a similar manner in every 
thermometer. Or we may choose other fixed points which 
have been found out for these parts of the scale, such as the 
boiling point of mercury, the melting point of lead, bismuth, 
or tin, for the higher extremity of the range, and the cold pro- 
duced by mixing snow or salt, or by pouring dilute nitric acid 
on snow, for the lower extremity. 

As this method was adopted in different countries at differ- 
ent times, and as there never was any connexion between 
thermometer-makers in different countries, the consequence 
has been, that the space between the freezing and boiling water 
points has been divided into a different number of degrees, 
and this has occasioned a diversity in the thermometers used 
in different countries, which i^ will be requisite to explain. 

Fahrenheit’s division is the one which is followed in this ^£ e ||j er 
country. He did not begin his scale at the melting snow point ; mometer. 
but at the temperature produced by mixing show and com- 
mon salt, or snow and sal ammoniac. He marked the point 
at which the thermometer stood when put into such a mixture, 
zero (0°), and of course made it the beginning of his scale. 

He then plunged the thermometer into melting snow, and 
marked the place at which the mercury became stationary in 
this situation He divided the distance between these two 
points ih$o 32 equal parts or degrees. So that upon his scale, 
the temperature produced by mixing snow and common «salt, 
is marked 0°, while the freezing point of water is marked 32°. 

He farther protracted the scale with degrees of the same size, 
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Ch »P- j- to £he top of the tube increasing arithmetically. When i 
thermometer constructed in this way is plunged into boiling 
water, the mercury stands at 212°. So that the interval be- 
tween the freezing and boiling water points, is 180°. To mea- 
sure greater colds than 0°, a series of degrees of the same size as 
the others was continued downwards, as far as the tube would 
admit. These increase arithmetically downwards, and are 
considered as degrees of cold. They are called degrees below 
zero, or by prefixing the mark ( — ) minus before them. Thus 
— 20°, means 20° bekw zero. 

The instrument is not now constructed in the way that 
Fahrenheit followed. All that is necessary, is to find the 
freezing and boiling water points, to mark the first 32° and 
the second 212°, and to divide the interval between them into 
180 equal parts or degrees. The scale is then protracted 
upwards and downwards as far as the length of the tube will 
allow. 

thermom * France, numerous experiments on tljp construction eg 
ter. thermometers were made by Reaumur, during the first halfgul 
the 18th century. His thermometer was of spirit of w TBei 
The freezing water point on it was marked 0°, the 
water point 80°.* De Luc afterwards substituted pdrcAry 
for spirit of wine, and corrected the inaccuracies under which 
the original thermometer of Reaumur laboured; but as he 
did not alter Reaumur’s divismn, the instrument continued 
always to be called Reaumur’s thermometer. It was employ- 
ed in France before the revolution, and is still used in some 
parts of Europe. Every degree of Reaumur is equal to 2| 
degrees of Fahrenheit. To convert the degrees of Reaumur 
to the corresponding number of Fahrenheit, we must multiply 
. by 2*25 and add 32 to the product. ' 

, Celsius’*. Celsius, who was professor of astronomy at Upsala, publish- 
’ ed an account of a new thermometer in the Memoirs of the 

Stockholm 'Academy, for 1742.f This thermometer was a 

i x 

* Reaumur’s Memoirs on this subject* will be found in the Volumes of 
the ftemoirs of the Paris Academy of Science®, for 1730 apd 1731. w 
f Vol. iii. p. 171. Celsius relates expe&toents showing that the freezing 
and boiling points of water arc cons&rtt* other things being equal ; but that 
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mercurial one ; the freezing water point was marked 0°, and Swt. ir. 
the boiling water point 100°. This thermometer is "used in 
Sweden. It was adopted by the French at the revolution, 
under the name of thermometre centigrade , and has come into Thermo- 

. , _ . metre cen- 

general use m that country, and m several other parts oftigrade. 
Europe. Every degree of it is equal to 1^ degrees of Fah- 
renheit. To convert the degrees of Celsius to those of Fah- 
renheit, multiply them by 1*8 and add 32° to the product. 

The centigrade thermometer is much more convenient for 
scientific purposes than that graduated ^cording to Fahren- 
heit's division. It is much to be wished that it were generally 
adopted in this country by men of science. 

M. Delisle, a French astronomer, was invited to St Peters- Delisle’s, 
burg by the Empress Catherine It During his residence in 
that capital from 1726 to 1748, he constructed a thermometer, 
which has been adopted by the Russians, and is usually known 
by the name of Delisle's thermometer. In it the numeration 
begins at the boiling water point, which is considered as the 
boundary between heat and cold. The numbers from that 
point increase downwards, and therefore express degrees of 
\0Ontraction. The boiling water point is marked 0°, and the 
fleecing water point — 150°. Hence, 5 degrees of Delisle are 
equll to 6 of Fahrenheit. To convert the degrees of Delisle 
to iinse of Fahrenheit, multiply them by 1*2. Subtract the 
produ6v\from 212, if the hea^be below boiling water; but if 
the heat denoted exceed that of boiling water, we must add the 
product to 212°. 

After thermometers were graduated so as to give results Whether 

. v.i i theexpan- 

capable of being compared with each other, it became natural sion coxrea- 
to inquire whether the degrees on the scale represented equal the heat lth 
increments of heat. The scale of a thermometer divides the 
increments and diminutions of bulk into a number of small 
equal parts, that we may see by how many of these parts the 
bulk of the mercury is increased at one time, or diminished at 
another. But it remains to be considered whether these equal 

the boiling water point varies with the height of the barometer. He quotes 
Dr M&rtine, Sir Isaac Newton, Fahrenheit, &c. who had preceded him in 
his observations. 
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Chap, l alterations of bulk be produced by equal alterations of heat. 
Dr Brook Taylor first thought of determining the point ex- 
perimentally on a lintseed oil thermometer. The result of 
his experiments was published in the Philosophical Transac- 
tions for 1723.* Dr B. Taylor’s mode of experimenting was 
again tried by Dr Black, in 1760, without being aware that he 
had been already anticipated. But Dr Black made his ex- 
periments on a mercurial thermometer. De Luc made the 
same experiment nearly about the same time. Dr Crawford 
did the same thing several years later, and published the result 
in his Treatise on HeaU\ 

To make the experiment successfully, it is necessary that 
the tube of the thermometer be perfectly cylindrical, or that 
the length of each degree should vary according to the size of 
the particular part of the tube which it represents. Dr 
Taylor’s experiment was made by mixing together hot and cold 
water, by which we can make sure of a knowledge of certain 
differences of temperature, independent of any thermometer. 

* If we mix together 1 pound of water of the temperatuu 
100°, and another pound of the temperature 200°, it is ob^j 

ous that the surplus heat of the hot water will be equally divid- 
ed between the two portions of that liquid. One-half of it will 
enter the coldest portion and increase its temperature, while 
the hottest portion will have lost one-half of its surplus heat ; 
the whole mixture will acquire^the same temperature ; aK|t 
is obvious that if the thermometer be an accurate measurer of 
heat, this intermediate temperature will be the arithmetical 
mean between the temperatures of the two liquids mixed, or 
150<>. 

The result of- the experiments of Black, De Luc, and 
Crawford, is that the expansion of mercury measures very 
nearly equal increment of heat, a$ high as their experiments 
went; that is, to 212o. The variation (if any exisf^is So 
small, that it may be safely neglected without any sensible 
error. But from the experiments of Dulong and Petit, there 
is reason to conclude that the increasing rate of the expansion 

* Vol. xxxii. No. 376, p. 291. 

+ Experiments and Observations on Animal Heat, p. 20. 
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of mercury becomes sensible at higher temperatures than 212°. ( Sect, il 
T his increased rate becomes sensible when we expose a mer- 
curial and an air thermometer to the same temperature, (cor- 
recting the instruments for the expansion of glass ;) the fol- 
lowing are the points on the scale at which they respectively 
stand: — 


Air therm. 
212° 


Merc, therm. 

212° 


Difference. 

0 

299*66 


302 


2*33 

386*69 

• 

392 


5*31 

473*09 


482 


8*91 

558*86 


572 


13*14 

662 


680 


18 


We see from this table (the experiments were made by 
Dulong and Petit), that the boiling point of mercury, measur- 
ed by its own expansions, is 680°; but measured by the ex- 
pansion of air, 662°. Hence the increment of expansion over 
that of heat at that temperature, amounts to 18°, or (nearly) 

3 V of the whole. 

If we plunge a common well graduated thermometer into boil- “ r * 

ing mercury, it stands, according to the observations of Mr the expan- 
Crichton, at 660° : so that the expansion of the glass is equival- tube.° f *”* 
ent to 20°. It therefore almost exactly counteracts the increase 
of the rate of the expansion of the mercury. The consequence 
of this fortunate coincidence is, that an accurately graduated 
mercurial glass thermometer is an accurate measurer of the 
increase of temperature as high as the boiling point of mer- 
cury, or to 662°. 

From the different methods followed by philosophical instru- 
ment-makers in determining the boiling point, it was found 
that thermometers very seldom agree with each other, and that 
they Kften deviated several degrees from the truth. This in- 
duced Mr Cavendish to suggest to the Royal Society the 
importance of publishing rules for constructing these very use- 
ful instruments. A committee of the Society was accordiSgly 
appointed to consider the subject. This committee published 
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Ctey. i. a' most valuable set of directions, which may be consulted in 
the Philosophical Transactions.* The most important of these 
directions is, to expose the whole of the tube as well as the 
ball of the thermometer to steam, when the boiling water point 
is to be determined. They recommend this to be done when 
the barometer stands at 29*8 inches. When a thermometer 
is to be employed as an instrument to determine the tempera- 
ture of any place where it is suspended, it is obvious that it 
never can be accurate unless this mode of graduation be fol- 
lowed. But when we employ it in the laboratory to determine 
the temperature of water or any substance, it would be incon- 
venient and often impossible to plunge the whole instrument 
into the body whose temperature we wish to determine. In 
general, we can only apply or plunge the bulb into it. Hence 
it is better to graduate such instruments simply by plunging 
the bulb into the freezing and boiling water, in order to deter- 
mine the freezing and boiling water points. < 

The thermometer merely indicates the change of tempera- 
ture which it undergoes itself, when applied to a hot or cold 
body. It will not give us a correct idea of the temperature of 
Thermom- another body into which we plunge it, unless it bears a very 
tasman" small ratio in point of size to that of the body under examina- 
tion. We must wait for some -time till the thermomet 
come stationary before we draw our conclusion. If till 
perature of 'the body examined be undergoing alterl 
(either augmenting or diminishing,) the size of the thermoihe- 
ter applied ought to be very small, that it may acquire the 
temperature of the body to which it is applied as rapidly as 
possible. Indeed, if the thermometer be of a considerable size, 
it will never indicate the maximum temperature of a body, 
provided that temperature be of short duration. I suspended 
a very large and a very small thermometer near each other in 
a north exposure, and shaded from the sun, to detente the 
summer temperature of Glasgow; and I almost constantly, 
found the small thermometer a degree .or two highW than the 



• Phil. Tram. 1777, p. 81«. 
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large ope, about the time ot the day when the temperature was sjot XL 
highest, and a degree or two lower when the temperature was 
coldest. The mean temperature of the day indicated by each 
thermometer corresponded, but the extremes differed several 
degrees* 

The temperatures which we can measure by a mercurial 
thermometer are confined within narrow limits. For mercury 
freezes at about 39° below zero, and boils at 660°. Hence we 
cannot employ it to measure greater heats than 660°, nor 
greater degrees of cold than — 39°. Yet many temperatures 
connected with our most common processes are much higher 
than 660°. The heat of a common fire, the temperature at 
which silver, copper, and gold melts, and many other such 
points, offer familiar examples. 

Mr Wedgewood contrived an instrument for measuring high ^S?®p y . 
temperatures, which was known by the name of Wedgewood’s roster, 
pyrometer, and was at one time in general use. It consisted 
of small pieces of Cornish clay, moulded into cylinders of a 
determinate size, and baked in a low red heat. These pieces 
were of such a size as just to enter between two square brass 
rods, fixed on a brass plate 24 inches long, half an inch asun- 
der at one extremity, and 0*3 inch at the other. The brass 
rods were divided into inches ^and tenths, making in all 240 
divisions or degrees. When pieces of clay baked in Wedge- 
wood’s manner are exposed to heat, they shrink in their dimen- 
sions, and the shrinkage in Wedgewood’s opinion was propor- 
tional to the temperature. This was the foundation of his 
instrument. The heat to which the clay piece was exposed 
was indicated when its shrinkage was measured between the 
brass rods. If exposed to the heat at which silver melts, it 
advanced between the brass rods to 22°, or 2*2 inches. If to 
the melting point of gold, to 32° ; if to the melting point of 
cast irtto, to 13Q°, and so on. 

But "this pyrometer of Wedgewood has been long out of use. 

For it waijtbund that if a clay piece was long exposed to a low 
^temperature, it shrunk as much in its dimensions as if it had 
been exposed for a short time to a much higher temperature. 

In short, the time of exposure has' as much effect as the tern* 
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t Chap, i. perature upon the alteration of the dimensions of the clay 
pieces.* 

In 1803, Guyton de Morveau presented to the French 
Institute a pyrometer of platinum, which measured high tem- 
peratures by the expansion of a plate of that very refractory 
DttnieU's metaLf Mr Daniell, of London, constructed a pyrometer 
pyrometer. U ^ 0Q principles, and published a description of it in the 

11th volume of the Journal of the Royal Institution, in 1821. 
In the Philosophical Transactions for 1830,$ Mr Daniell has 
given a still fuller account of his pyrometer, and of the subse- 
quent experiments to which he had applied it ; and the subject 
was still farther prosecuted by him in the volume of the Trans- 
actions for 1 83 1 .§ 

His instrument consists of a bar of platinum 10^ inches long 
and 0*14 inch in diameter. It is placed in a tube of black lead* 
or earthenware, and the difference between the expansion of 
the platinum bar and the earthenware tube is indicated on a 
circular scale. This pyrometer indicates a change of about 
7° of Fahrenheit’s scale; or, in other words, 1° of Daniell is 
equal to 7° of Fahrenheit. 

The following table exhibits the fusing points of several 
metals, determined by Mr Daniell, by means of his pyrometer, 


Tin 

• a • 

442® 

Lead 

. . 

612 

Zinc 

. . 

773 

Silver 

, . 

.. 1873 

Copper . 

• • 

1996 

Cast iron 

. . 

2786 


Another very ingenious method of measuring high tem- 
peratures has been suggested by thermo-electricity. Wherf 
two wires of two different metals are soldered together aqj$ 
attached to a thermo-multiplier, || if the flame of a lamp be ap^ 

* 

• See* for an account of Wedgewood’s pyrometer, Phil, trail*. 1782, 
p. 305; 1784, p. 358; 1786, p. 390. 
t Ann. de Chimie, xlvi. 276. t P. 257. § P. 443. ' 

II* An instrument consisting of a magnetic n6e<jle 'well poised, and en- 
circled By a coil of wire. It will be degmhectdn the second part of this 
volume. 
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plied to the point of the junction of the wires, while another Sect, n. 
portion is kept cold, the needle is found to move, and the 
amount of deviation has been found proportional to the heat 
applied. Two plafinum wires, differing in their purity, answer 
the purpose. Now, when two such wires having a diameter 
of 0*0131 # 2 inch are twisted together instead of being soldered, 
and heated at the junction till the temperature rises 540°, the 
needle is observed to deviate 8°. If we suppose that the devia- 
tion is directly as the heat applied, then, by observing the 
deviation of the needle we can infer the increase of tempera- 
ture to which the wires have been subjected. In this way 
Beequerel found the rise of temperature of platinum wire, when 
put into various parts of a spirit lamp, to be as follows : — * 

Heat 

Just under the white flame and above the blue 2462° 

In the white flame 1976 

In the dark part near the wick . . . 1436 

He and Brogniart tried the heat of the reverberatory fur- 
nace at Sevres, in which the porcelain is baked, and found by 
the same apparatus that the heat acquired by the platinum 


wires was as follows : — t 

Heat 

Just after being put in . . 3780° 

In an hour .... 4188 

In an hour and a half . . 4244 

In 2\ hours .... 4482 

In 3 hours .... 4609 


The thermometer, notwithstanding the unavoidable defects The ther- 
under which.it still labours, has contributed very much to en- haa eniarg- 
large our notions respecting heat. Heat and cold constitute Saneof 
two of the most familiar words in our language. When either heat * 
heat or cold is intense, it constitutes a sensation of the strong- 
est kind. Both are capable of destroying life. We are ac- 
customed to consider both heat and cold as a positive something, 
and it requires an attentive consideration to render it probable, 
that cold is nothing else than the absence or abstraction of heat. * 

* Traite de V Electricity, iv. 3. f Ann. de Chim, et de Phys. lvii. 5. 
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Chap. I. But the thermometer furnishes a decisive proof of the accuracy 
* * of this opinion , which is level to the meanest capacity. It con- 
tracts uninterruptedly by a gradual abstraction of heat, and as 
this contraction continues to the very lowest point which we 
are capable of reaching; we can form no reasonable doubt that 
the greatest cold is produced hy the abstraction of heat, as well 
as the smallest. We have no doubt that the congelation of 
lead or tin 'takes place, when a certain quantity of heat i 9 
withdrawn from these bodies. The congelation of bees* wax, 
of tallow, and of phosphorus, is produced in the very same 
way, and so also is the freezing of water. Yet in this last 
case, heat gives place to another sensation, namely, of cojfl. 
We never in common life speak in this last case of a diminu- 
tion of heat ; but of an increase of cold. But the continued^ 
• contraction of the thermometer, and the analogy between the 
freezing of lead, wax, and water, soon induce the belief that 
both are caused in the same way; namely, by the abstraction* 
of heat. Thus our ideas of the operations of heat are g 'V&ijjff) 
without ex ^ en ded. We now know that no mass of matter has ever yfet 

heat. been found totally destitute of heat. For we have no suffi- 

cient evidence that pure alcohol has ever yet. been frozen; 
though we are sure that it only requires a sufficient diminution 
of heat to produce that effect on it. 

Indeed, if we recollect that heat is continually emanating 
from surrounding bodies, and that bodies ateorb it so much 
the more greedily the colder they are, we cannot conceive a 
body altogether void of it, which is exposed in the neighbour- 
boldest oil- hood of others that contain it. The coldest part of the earth 
globe ° f the which we have any accurate knowledge, is Melville island, 

situated in 74° 47' of north latitude, and 110° 48' west longi- 
tude from Greenwich, where Captain Parry wintered during 
the year 1819-20. During the months of November, Decem- 
ber, January, February, and March, the thermometer was 
occasionally as low as — 50°, and at some distance from the 
ship, as — 55°. In October it sank as low as — 28°, in May 
as low as — 4$. During January, it was never higher than 
— 2°, aad in February than lfa. During every month of 

the year it froze. The hottest month was July, and the 
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maximum temperature was 60°. There were only 5 months. &ct. it 
in the year in which the maximum temperature exceeded 32°i 
these were May, June, July, August, and September. The 
following table exhibits the maximum and minimum tempera- 
ture of the months as observed by Captain Parry : — 


January 

Maximum. 

— 2° 

Minimum 

— 47° 

February 

—17 

—50 

March 

+ 6 

— 40* 

April 

+32 

*—32 

May 

+47 

— 4 

June 

+51 

+28 

July 

+60 

+32 

August . . 

+45 

+22 

September 

+37 

— 1 

October 

+17-5 . 

—28 

November 

+ 6 

—47 

December 

+ 6 

—43 


So that the highest temperature observed was 60°, and the 
lowest — 50°, making a range of 110°. In some parts of 
Africa, and even of Asia, the thermometer is said to have been 
observed as high as 138°. 

Sir John Ross, in the winter of 1832, observed the ther- 
mometer in Boothia, (N. lat. about 7 1 °) at —60°. This is the 
greatest degree of natural cold hitherto observed. Captain 
Franklin observed the thermometer during the winter of 1820, 
at Fort Enterprize, near the copper-mine river, in North lati- 
tude 64° 30', as low as — 57°; and Dobell informs us that 
in January, 1828, the thermometer stood at — 51° at Irkutsk, 
the capital of Eastern Siberia, in N. lat. 52° 16' 41", and 
East long. 104° 51', and consequently not much farther north 
than London. 

Quicksilver in our climate, and indeed in every habitable Efowwy 
climate, is usually in a liquid state ; and it was long the opinion gelation of 
of chemists, that fluidity was a property essentially belonging mercury ‘ 
to this metal. The fixing (or rendering solid) of mercury 
was a favourite pursuit of the alchymists, and constituted, in 
their opinion, one of the great steps towards the discovery of 

E 
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Chap. i. the philosopher's stone. The discovery of its congelation 
‘ constitutes a memorable era in chemistry; as it altered and 
materially improved the opinions of chemists respecting the 
effects of heat. It deserves, therefore, to be briefly noticed 
here. • 

We are indebted to M. Braun, professor of philosophy in the 
Imperial Academy of St Petersburg, for the discovery of the 
congelation of quicksilver by cold. Dr Zeiher, professor of 
mechanic^ in the same Academy, Had repeated Fahrenheit’s 
experiments with freezing mixtures, before he came to settle 
at St Petersburg; and he expected to be able to prosecute them 
still farther in that city, where the natural cold is frequently 
intense. Illness preventing him from putting his project in 
execution, he communicated it to M. Braun, who readily under- 
took it. A proper opportunity occurred on the I4th Decem- 
ber, 1759, as the thermometer on that day sank in the open 
air to — 34°. M. Braun prepared a mixture with nitrous acid 
and pounded ice, into which a thermometer being put, sunk 
to — 69°, lower by about 30° than it had fallen in any preceding 
experiments of this nature; Animated by the hope of produc- 
ing still greater cold, he entered on his experiment anew, and 
all his pounded ice being exhausted, he was fortunately obliged 
to substitute snow in its place. With this fresh mixture, 
sank his thermometer to — 100°, — 244°, and at last to — Sami 
Surprised at such results, he drew the instrument out ofnp$ 
mixture, and found it entire, but the quicksilver was fixedljM 
remained immovable for above 12 minutes. On repeAtg 
the same experiment with another thermometer, graduated no 
lower than —220°, all thejfelrcury sank into the ball, and 
became solid as before ; not 1 beginning to re-ascend till 4fter a 
great interval of time. ■ Jj| 

From these appearances, M. Braun concludeaMWfe <jfuick- 
silver in both instruments had been frozen or soGSRed by the 
cold. He announced his opinion as a probable fact £6 the Aca- 
. , demy, and prepared a new set of thermometers, in order to obtain 
decisive evidence. On the fetlApcember (old style), in com- 
pany with -ffipinus, professor of pJySics, he repeated the experi- 
ments, and as soon as he found the quicksilver immovable, he 
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broke the bulb of his thermometer. Now all doubts were Sect. 11 . 
moved. He obtained a solid, shining, metallic, mass, which 
extended under the strokes of a pestle, in hardness rather 
inferior to lead, and yielding a dull dead sound like that metal. 

JEpinus observed, at the same time, that the frozen mercury 
assumed a concave surface, and that congealed pieces of it 
sunk in fluid mercury: all evident proofs of its great contrac- . 
tion. 

In the year 1775, Mr Hutchins-repeated these eJ^eriments 
at Albany Fort, Hudson’s Bay, congealed the mercury by cold, 
but was equally at a loss with Braun, to determine the true 
point of congelation. Mr Cavendish, to obviate his difficulties, 
sent him out a proper set of instruments, together with ample 
directions how to proceed. In .the winter 1781-82, Mr 
Hutchins made the requisite experiments, an account of which 
was published by Mr Cavendish in the Philosophical Trans- 
actions for 1783. The mercury was frozen in wide glass 
tubes, and the thermometer to determine its freezing point was 
'plunged into it, and kept in it during the whole process of m « I '« nr y- 
congelation. It remained stationary during the freezing at 
— 38°*66, showing clearly that this is the freezing point of 
that metal. Mr Cavendish showed that in the act of congeal- 
ing, mercury contracts about ^ ? d of its bulk. This accounts 
for the very low point to which the thermometer appeared to 
sink in M. Braun’s experiments. The freezing point was 
— 38°*66, to which it sunk in the first place. By freezing, it 
diminished in bulk ^jd part, which is equivalent to 452°. So 
that his thermometers, supposing the true cold not to have 
exceeded — 40°, would have indicated the low temperature of 
—492°. 

Having thus explained at some length the nature of the 
thermometer, it will be proper now to point out some of the 
most important new«facts respecting heat, which have been ac- 
quired by means of the thermometer. These facts will serve 
still farther to extend our knowledge, and rectify our opinions 
respecting heat. 
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Neighbour* 
ing bodies 
acquire the 
same tem- 
perature. 


Experi- 
ment of 
Fuhren- 
hlitj 


From 
which the 
specific 
'heats of 
•bodies was 
deduced. 


SECTION III. — OF SPECIFIC HEAT. 

It has been already observed that heat has a tendency to 
diffuse itself from any hotter body to the colder bodies around 
it. This distribution continues till no body is disposed to take 
any more heat from the rest. When all mutual action has 
ceased, if we apply a thermometer to any one of the contigu- 
ous bodies we shall find that they all indicate the same tem- 
peratures^ We must therefore adopt as one of the most 
general laws of heat, that all bodies communicating freely with 
each other and exposed to no inequality of external action , acquire 
the same temperature as indicated by the thermometer . 

When bodies are brought into this state they are said in 
common language to be equally hot; and even chemists and 
philosophers were long of opinion that all bodies in such cir- 
cumstances, supposing the weight the same, contained exactly 
the same quantity of heat. An experiment of Fahrenheit, 
made at the request of Bocrhaave, first led to an accurate 
investigation of the subject.* 

Fahrenheit took equal volumes of water and mercury at 
different temperatures, and agitated them together. The tem- 
perature produced was not the mean between that of the water 
and mercury previous to mixture, as it would have been had' 
equal volumes of hot and cold water been thus agitated toge- 
ther. When the water, previous to agitation, was hot and the 
mercury cold, the new temperature resulting was greater than 
the mean ; and it was less than the mean, if the mercury was 
hot and the water cold. To produce the mean temperature 
it was necessary to agitate together 2 volumes of water and 3 
volumes of mercury. When such measures were taken, Boer- 
haave assures us that the mean temperature always resulted, 
whether the water or the mercury was hottest before the mixture. 

It is very surprising that Boerha^ve drew as a 'conclusion 
from this experiment, that heat is distributed through bodies 
in proportion to their volume, not to their weight. It was Dr 
Blfi^k who first drew the proper inference from this experi- 
ment about the year 1760, while a lecturer on chemistry in 
• See Boerhaave*s Chemistry, translated by Shaw, vol. i. p. 291. 
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the University of Glasgow. Dr Black reasoned upon the Sect, nr. 
experiment in the following manner •— 

Let us suppose a given volume of water at 100° mixed with 
the same volume of quicksilver at 150°. We know that the t 
mean temperature between 100° and 150°, is 125°, which 
would be produced by mixing water at 100° with an equal v 
volume of water at 150°. But when hot quicksilver is used 
instead of water, the temperature of the mixture is <§nly 120° 
instead of 125°. The mercury therefore has lost 30° of heat, 
while the water has become warmer by 20° only. And yet 
the heat which the water has gained is the very same which 
the mercury has lost. We see from this that the same quantity 
of heat has a greater effect in heating mercury than in heat- 
ing water. If it heat mercury 3° it will heat water only 2°, 
or if it heat water 1° it will heat mercury 1°J. So that if we 
reckon the capacity of mercury for heat 1, the capacity of the 
same volume of water will be 1£. But mercury is 13£ times 
denser than water. Consequently to find the relative capacity 
of the same weights of mercury and water we have only to 
multiply 1*5 by 13£. The product 20J will give us the capa- 
city of water for heat, if we reckon that of mercury 1 ; suppos- 
ing Fahrenheit’s experiment to have been accurately made. 

The experiment of Fahrenheit was observed by Dr Black jJLSne. 
to agree very well with another experiment related by Dr 
Martine in his essay on the heating and cooling of bodies. 

He placed before a good fire and at equal distances from it, a 
quantity of water and an equal volume of mercury, each of 
them contained in equal and similar glass vessels, and each 
having a delicate thermometer immersed in it. He found in 
repeated experiments that the mercury was warmed by the 
fire much faster than the water ; indeed almost twice as fast. 

After each experiment, having heated each of these two fluids 
to the same degree, he placed them in a cold stream of air, and 
found that the mercury was always cooled much faster than the 
water.* The reason of this result is obvious when we know 
that mercury has a smaller capacity for heat than water. It 
heats sooner than that liquid, because less heat is necessary to 
* Mar tine’s Essays, p. 74. 
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the same change in the temperature of water. It cools sooner 
than water, because it lias less heat to lose than that liquid. 

Dr Black satisfied himself with establishing the fact that 
bodies have different capacities for heat, from these two ex- 
Of Irvine periments of Fahrenheit and Martine. But Dr Irvine, who 
and Watt. guccee( j e( j hi m as lecturer on chemistry in Glasgow, and Mr 
Watt, who was at that time a philosophical instrument maker 
in that city, took up the subject and made many experiments 
to ascertain the relative capacities of different bodies. But 
they did not think it necessary to lay the result of the cxperi- 
Of Dr ments before the public. Dr Crawford probably inserted a 
Crawford, 0 f S p ec {ji c heats in the first edition of his Experiments on 

Heat , published in 1 7 7 9* * He was therefore the earliest 
author on the subject. In the 17th volume of the Journal de 
Physique, published in 1780, there is a treatise on heat by 
Magellan, containing a pretty copious table of specific heats, 
furnished, as Magellan informs us, by Mr Kirwan. 

In the Memoirs of the Swedish Academy of Sciences for 
1781, there is an ingenious Essay on the specific heat of 
Of Wiicke. metals, &c., by Mr J. C. Wilcke. Whether he was acquaint- 
ed with the previous labours of the British chemists on this 
subject does not appear, as he nowhere makes the least allu- 
sion to them: but quotes Klingenstjerna as the author who 
first started the doctrine of the different capacity of bodies for 
heat. Klingenstjerna died in 1763; and from the passage 
which Wilcke quotes, he appears to have reasoned from the 
experiment of Fahrenheit precisely as Dr Black did. Thus 
it would seem that both Black and Klingenstjerna discovered 
the doctrine of the different specific heat of bodies, without 
any communication with each other ; but from a knowledge of 
an experiment made long before by Fahrenheit, and errone-* 
ously reasoned from by Boerhaave. Which of the two had 
the precedence in point of time, I have no means of knowing. 
Of Lavoi- A set of experiments undertaken by Lavoisier and Laplace, ' 

sier and c 

Laplace. * I jj ave nevcr 8Q f n a CO py of the first edition of this work ; but have 
no doubt that it contained experiments on the capacity of bodies for heat, 
as his theory vas founded on it. 
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to determine the specific heat of various bodies, appeared in Sect, hi . 
the Memoires of the Paris Academy of Sciences for 1780 ; 
not published probably till 1784. 

After the publication of the second edition of Crawford’s 
Treatise on Heat , in 1788, a considerable interval ot time 
elapsed before any addition was made to our knowledge of the 
specific heats of bodies. A set of experiments to determine 
the specific heats of 16 different species of wood, by Professor 
Meyer of Erlangen, appeared in Crell’s Annals for 1798. Of Mey«% 
Professor Leslie of Edinburgh, in his Treatise on Heat , pub- Dalton, 
lished in 1804, gave the specific heats of a few bodies deter- 
mined in the same way as Professor Meyer had done that of 
the woods. Mr Dalton* adopted the same mode of experi- 
menting, and in the first volume of his Nev System of Chemi- 
cal Philosophy, published in* 1808, he gave a number of results 
obtained by him in that way. 

In 1813, a most elaborate set of experiments was published Of Dela- 
by Delaroche and Berard on the specific heats of gaseous Berard. 
bodies and vapours. These experiments were made in Ber- 
thollet’s laboratory, and the apparatus had been constructed 
at the expense of that eminent chemist.* These experiments 
seem to have been conducted with care ; but the experimenters 
were guilty of an oversight which prevented thcii results from 
being very near approximations to the truth. The gases on 
which they experimented were moist. Hence the influence of 
the vapour would vary, according to the specific gravity of the 
gas; this introduced a variable unknown quantity, which ought 
to have been subtracted in order to obtain the true specific 
heat of each gas. 

In 1823, a new set of experiments was made by Mr Hay- 
craft, t with an apparatus resembling that of Delaroche and 
Berard. But he took the precaution of drying his gases with 
great care. This enabled him to obtain results agreeing ac- 
curately with each other, and obviously very near approxima- 
tions to the truth. Indeed, his results were fully corroborated ^*and" 
by new experiments of MM. Delarive and F. ]&arcet, 4 who Marcet. 

* See Ann. de Chim. lxxxv. 72, or Annals of Philosophy, ii. 134. 

f Edin. Trans, x. 195. 
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Jifajk the spw^c heat of do fewer than 14 gases, 

lieir method vat to measure the time that a thermometer, 
plunged otto mdk gas, took to be heated a certain number of 
degrees, the gas being exposed to a constant source of heat. 
TuO oViate the effect of mobility, the globe containing the 
gases was placed in the centre of a copper globe filled with 
rarefied air, and blackened within. The source of heat was & 
large vessel filled with water of 86°, into which the whole ap- 
paratus was plunged. 

In the year 1833, an elaborate memoir on the specific of 
Of Av°ga- bodies, both solid and liquid, by M. Avogadro, was published 
in the memoirs of the Scientific Society of Modena.f He 
determined the specific heat of 39 -different bodies, and in 
a subsequent memoir, he determined the specific heats of 
phosphorus, arsenic, and iodine the object which he had in- 
view was to investigate the truth of a law first noticed by 
Dulong and Petit, and which will be explained in a subsequent 
part of this section. In the year 1831, M. Neumann, pro- 
fessor of physics in the University of Konigsberg, had pub- 
lished an interesting set of experiments on the specific heat of 
mineral bodies, having determined the specific heat of no fewer 
than 36 different species§ — some of them the very same with 
those afterwards determined by Avogadro, though without any 
knowledge of what Neumann had already done. 

Two other important memoirs on the specific heat of ga^ 
ecus, bodies require to be mentioned. In the month of May# 
Of Dulong. ig28, M. Dulong read to the French Academy of Sciences, a 
set of experiments on the specific heat of elastic fluids.|| He 
laid it down as a principle, that the simple gases have, under 
a given volume, the same specific heat. He then determined 
the ratio which subsists between the specific heats of gafees* 
under a constant volume or a constant pressure. If a be the 
heat necessary to be communicated to a given weight of any 

* Ann. de Chim. et de Phys. xxxv. 1. 

f*An extract from this paper is inserted in the Ann. de Chim. et dc 
Phys. Iv, 80S 4 

, X Inn. de Chim. et de Phys. lvii. 113. 

§ Porgendorf s Annajen, xxiii. 1. 

j) Ann. de Chim, etde Phys. xli. 113. 
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gas, in order to produce in it (maintained of a constant s«et.m. 
volume,) a given increase of temperature, and a -{- b the heat 
necessary to produce the same change of temperature when 
the gas is permitted to expand so as to retain its pr imiti ve 
0/ aa f aa b b 

elasticity, then — — - = 1 + - expresses the ratio in ques- 
tion. At this quantity Dulong arrived in the following 
manner : — 

The Newtonian formula for the velocity of sound, v = 
(1*00375 1) has been long known to give results less 


than the truth. Laplace first showed that in order to give a 
true result, this expression must be multiplied by the square 
root of the relation, between the specific heat of air under a 
constant volume, and a constant pressure. If then the velocity 
of sound in atmospheric air be determined experimentally, and 
this velocity be divided by Newton’s expression, the quotient 

will be And this method may be extended to all 


the gases, provided we can determine the velocity of sound in 
each. This velocity Dulong deduced from experiments on a 
flute-like pipe blown through by the different gases. From the 
note struck by each, he was enabled to calculate the length of 
a single vibration, and the number performed in a giv«n time 
by each elastic fluid tried. The velocities thus obtained, were 
divided by their values as given by Newton’s formula. The 

squares of the quotients represented 1 +-, or the relation for 


each gas between its specific heat, under a constant volume 
and h constant pressure. In this way he determined the spe- 
cific heats of 7 different gases, both under a -constant volume 
and a constant pressure. 

In the year 1836, Dr Apjohn, of Dublin, read a paper be- Of Dr Ap- 
fore the Royal Irish Academy, the object of which was to show J ° 

that the formula = 

tion between the indications of the wet bulb hygrometer and 
the dew point, e is the heat of elasticity of vapour at the tera- 


-f” — 1?^ x ~ expresses $he rela- 
i/ e 30 * 
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Chap. i. perature t of the hygrometer; a the specific heat of air ; 

.t — t the difference between the temperature of air and hy- 
grometer; and the elastic forces of the vapour of 

water, at the temperatures of the hygrometer and dew point. 

In 1837, Dr Apjohn read another paper before the. Dublin 
Academy, to show that from the preceding formula, the 
specific heat of the gases may be deduced. For, if the dew 
point and temperature of the hygrometer be known, we have 
a (the specific heat under a gi\en volume of the gas,) == 




e 

48 d 



This equation he modifies so as to 


reduce it to a = 


This expression involves no un- 


known quantity but d, which may be found by determining the 
stationary temperature to which, when in a state of perfect 
desiccation, it brings the wet bulb thermometer. He made a 
set of experiments' to determine this point by passing the 
gases respectively over a wet bulb and dry thermometer en- 
closed in a glass tube, and noting the point in each when the 
wet bulb thermometer became stationary ; and in this way 
determined the specific heats of 7 different gases. 

- Such are the principal sources from which our knowledge 
of the specific heat of bodies is derived. It has been ascer- 
tained^at every body requires a certain quantity of heat to 
increase its temperature a certain number of degrees; and 
scarcely any, two bodies agree with each other in the quantity 
requisite. The heat thus necessary is called the specific heat 
of the body. Dr Black and his followers, Dr Irvine and Mr 
Watt, distinguished this property of bodies by the phrase capa- 
city of bodies far heat . But the phrase specific heat has prevailed, 
being considered as a simple specification of the matter of fact. 

Few bodies have a higher specific heat than water. Partly 
on this account, but chiefly on account of the facility with 
which it may be everywhere procured, it has been made choice 
of as a gandard to which the spopfic heat^jjf other bodies ip 
referred. It^ specific heat is considered as (1.) unity. If a 
substance lias twice the specific heat of water, we say that its 
specific heat is 2; if thrice, that if is 3, and so on. If it has 
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half or one-third the specific gravity of water, we say that its Sect. ill. 
specific heat is 0*5, or 0*33, and so of the others. 

Three different modes of determining the specific heats of 
bodies have been contrived. 

1 . The first and oldest method is to mix determinate weights * det«*r. 
of the body whose specific heat we want, and of water at dif- “|"^ e by 
ferent temperatures together, to observe the new temperature 
produced by the mixture, and from this to deduce the specific 
heat of the body under trial. For example, if we take 1 
pound of water of the temperature 100°, and 10 pounds %{ 
mercury of the temperature 200°, aud agitate them together 
in a glass phial, after the agitation, we shall find that both 
liquids will have acquired a uniform temperature. The water 
will have become hotter, and the mercury colder. Abstract- 
ing for the present the effect of the phial, this new temperature 
will be nearly 125° ; so that the water will have gained 25° 
of heat, while the mercury will have lost 75°. Thus the mer- * 
cury has lost three times as many (tou^es of temperature as 
the water has gained. It is obvious^roferefore, that the same 
quantity of heat produces three times as much effect in raising 
the temperature of 10 lbs. of mercury, as in raising the tem- 
perature of 1 lb. of water. Therefore, if we take equal 
weights of these liquids, it is clear that the same quantity of 
heat will produce thirty times the effect on mercury as^on water. 
Therefore, the specific heat of water is thirty times as great 
as that of mercury. If the specific heat of water be 1, that of 

mercury must be 0*033. 

In making such experiments, it is always necessary to at- 
tend to the heat communicated or abstracted by the vessel in 
which the experiment is made. Suppose, for example, that 
the pound of water of 100° was standing in a glass phial 
weighing half a pound, and that we pour into it the ten pounds 
of mercury of the temperature 200°, it is clear that the sur- 
plus heat in the mercury would not be all expended in raising 
the temperatu^jp of the^ater ; a portion of it \ppuld go to 
heat the phial, which would acquire as great an addition of 
temperature or nearly so as the water. If the specific heat of 
the phial were as great as that of the water, it is plain that one- 
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P- I. third of the heat would go into the phial ; so that the temperas 
ture after mixture, would only be 1 16°§, instead of 125°. But 
the specific heat of glass is only about £th of that of water. 

* So that only £ of £ or y^th of the surplus heat would be em- 
ployed in heating the phial. The temperature after mixture 
instead of 125° would be only 123°|. 

The easiest way of avoiding this error is to make two ex- 
periments. The first by pouring the hot mercury into the 
cold water, the second by pouring the cold water into the hot 
nfercury ; taking care that both trials arc made in the same 
vessel. By taking the mean of the two experiments, we ob- 
tain very nearly the true temperature of the mixture. 

It was in this way that the experiments of Irvine, Kirwan, 
Crawford, Wilcke, and Avogadro were conducted. Dr Irvine 
reduced the whole to the following mathematical formula. 

Let the weight of the water be W, its temp. w. 

body be B, — b. 

Let the temperature after mixture be m. 

„ _ W (m — w) 

The specific heat of £ = j Y(b^m) * 

In this formula the water is supposed to be cold^jfl. If the 
water be hot and the body be cold, which in some /jases may 
be the more convenient mode of making the experiment, the 

Specific heat of B = 

B (m — b) 

This mode of experimenting, though theoretically easy, is 
in reality so difficult, that the results obtained by it are pro- 
bably not very near approximations to the truth. The mode 
of allowing for the heat lost during the experiment, which has 
been uniformly employed, is certainly inaccurate. 
meter 8 " 2. The second method of determining the specific heats of 
bodies was contrived by Lavoisier and Laplace, and employed 
by them in determining the specific heats of about eight dif- 
ferent substances. This method appears abundantly simple ; 
but it has failed in the Jiands of evejjy one who has attempted 
ltsimie the publications of their experiments. An instrument 
was contrived, to which Lavoisier gave the name of calorimeter . 
It consists of three circular vessels nearly inscribed into each 
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other, so as to form three different apartments, one within the Segt. m. 
other. These three we shall call the- interior , middle, and ex- 
ternal cavities . The interior cavity into which the substances 
submitted to experiment are put, is composed of a grating 
or cage of iron wire, supported by several iron bars.' Its 
opening or mouth is covered by a lid, which is composed of 
the same materials. The middle cavity is filled with ice. 

This ice is supported by a grate, and under the grate is placed 
a sieve. The external cavity is also filled with ice. We have 
remarked already, that no caloric can pass through ice at 32*. 

It can enter ice, indeed, but it remains in it, and is employed 
in melting it. The quantity of ice melted, then, is a measure 
of the heat which has entered into the ice. The exterior and 
middle cavities hgjpg filled with ice, all the water is allowed 
to drain away, and the temperature of the interior cavity to 
come down to 32°. Then the substance, the specific heat of 
which is to be ascertained, is heated a certain number of de- 
grees, suppose to 212°, and immediately put into the interior 
cavity enclosed in a thin vessel. As it cools, it melts the ice 
in the middle cavity. In proportion as it melts, the water 
runs through the grate and sieve, and falls through the coni- 
cal funnel and the tube into a vessel placed below to receive 
it. The external cavity is filled with ice, in order to prevent 
the external air from approaching the ice in the middle cavity, 
and melting part of it. The water produced from it is carried 
off through a pipe. The external air ought never to be below 
32®, nor above 41°. In the first case, the ice in the middle 
cavity might be cooled too low; in the last, a current of air 
passes through the machine, and carries off some of the caloric. 

By putting various substances at the same temperature into 
this machine, and observing how much ice each of them melted 
in cooling down to 32°, it was easy to ascertain the specific 
heat of each. Thus if water, in cooling from 212° to 32°, 
melted one pound of ice, and spermaceti oil 0*5 of a pound 
the specific heat of water was 1, and th^t of the oil 0*5. 

3. The third ritode of determining the specific heats of bodies JjjJJStog!* 
was suggested by Dr Black many years ago; but seems to have 
been first employed by Professor Meyer of Erlangen in 1797, 
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Chap. I. to determine the specific heat of woods.- He took spherical 
pieces of wood of the -same size, and dried to the same degree. 
Each of these was heated to the same point and suspended in 
a cold room. The time of cooling a certain number of de- 
grees was noted, and the specific heats of the same bulk of 
woods were considered as proportional to these times; and 
when the times were divided by the specific gravities, the 4 
quotients represented the specific heats of equal weights. 
Professor Leslie extended this method to liquids as well as 
solids. It is not only easier than either of the other two ; but 
likewise susceptible of much greater exactness. 

When we take the specific heat of solids in this way, nothing 
more is necessary than to have each body of the same size, to 
measure the time that each takes to lose a certain number of 
degrees of temperature, and to divide this time by the specific 
gravity of each body. The quotient will give the specific heat 
of equal weights of each body. But when we take the specific 
heat of liquids in this way, it is obvious that they must be 
placed in a vessel of some kind. It will be requisite, by a 
previous set of experiments, to ascertain the time that thia, 
vessel takes to cool the requisite number of degrees. Because 
this quantity must be subtracted from every result, in order 
to obtain the true time that the liquid took to cool. The best 
way is to employ the same glass vessel in every experiment. 
Let us suppose a glass vessel to take 5 minutes to cool from 
130° to 80°. Suppose it filled with water of 130°, and when 
so filled to take 40 minutes to sink to 80°. When filled with 
sulphuric acid of 130°, let it take 25*8 minutes to sink from 
130° to 80°. It is obvious that in order to get the true times 
which these liquids took to cool 50°, we must subtract from each 
result the 5 minutes occupied by the hot glass in losing 30° of 
heat. So that equal bulks of water and sulphuric acid lose 50°, 
the first in 35', the second in 20'*8. The specific gravity of sul- 
phuric acid being 1*847 we have - = 11*26. So that if 
r 6 1*847 

the c specific heat of wlter be 35, that of sulphuric acid will be 
1 1*26. And 35 : H-26 •S 1 : 0*32= specific heat of sulphuric 
acid, if the specific heat of water be 1. 
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Neumann iti his experiments sometimes employed the method 
: of mixture and sometimes that of cooling. In general, both 
methods gave very nearly the same result. 

Before attempting to give a theory of specific heat, I shall 
' lay the following table containing all the specific heats hither- 
to determined (so far as I am acquainted with the subject) be- 
fore the reader. 


f 


I. SIMPLE BODIES. 


Charcoal 

Phosphorus 

Sulphur 

Iodine 

Mercury . 


Arsenic 

Platinum 


Bismuth 


Silver 

Zinc 

Tellurium 
Nickel * 
Cobalt 


Iron 


I 

i 


/0-257tt 
\ 0-2631* 
0-385tt 

! 0-183f 
0-1 88(c) 
0-1 9D 
0-209N 
0-089ft 

f 0-0290 1 
| 0-0330(c) 

' 0-033f 
0-0357* 
0-0496D 
0-08 Iff 
0-0314(c) 
f0-027N 
J 0-0288(c) 
) 0-04D 
L0-043§ 
(0-0557(c) 

•J 0-08D 
( 0-082§ 
r0-0927(c) 
J 0-0943* 
J0-10D 
(.0-1 02§ 
0*09 12(c) 
f 0-10D 
\ O-l035(c) 
0-1 498(c) 
0-1099* 
0-1 100(c) 
0-1 25t 
0-126§' 
0-1269* 
0-13D 
l0-143(a) 


Copper 


Lead ' . 


Gold 


Antimony . 


Tin 


0-0949(c) 
■ 0-11D 
I 0-1123* 
0-0293(c) 
0-0352* 

- 0-04D 
0-042§ ' 

. 0-050f 
( 0-0298(c) 
J. 0-05 Of 
( 0-05D 
('0-047N 
j 0-06D 
j 0-063§ 
(0-086f 

f 0-05 14(c) 
0-060§ 
0-068f 

0-07D 
L 0-0704* 


n. ALLOYS. 


Gun metal . . 0*1 1|| 

f (HID 

Brass (8-356) -JO-1123* 

(0-1 16§ 

m. CHLORIDES. 

Calomel . 0-041ft 

Corrosive sublimate 0-069 tt 
( 0-221 ft 
Common salt . 0-23D 

(0-226G 

CUcrid, ot 

Chloride 6f calcium 0* 194ft 
, IV. SAITS. 

Nitre . . 0-&69ft 
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Chap. L Nitrate of soda 0*240+ + 

■ — ■ ■ of potash 0*169+-* 

of soda 0*263+ ■ 

■ of iron 0* 1 45+ * * 

— of copper 0* 1 80+ * • 

— ■ ■ of zinc 0*213++ 

}o*»m 

. - of soda 0*306++ 
Hydrous sulphate of Q.3Q2H 

(0-1060N 
Sulphate of barytes < 0* 1 07 1 N 
(0-1072N 


Sulphate of strontian 0*1 30N 
Anhydrite . 0*1854N 


Arragonite 
Calcerous spar 

Chalk 
Bitter spar 


0-1966N 
0*20 15 N 
f 0*2564* 
0-27D 
0-213N 
0-2179N 


OXIDES. 


Alumina 

Silica 

Quicklime 

Magnesia 
Oxide of iron 
Peroxide of iron 


I 


0*200ff 

<H79tt 

0-205N 

0-179tt 

0 * 2168 $ 

0-30D 

0-276N 

0*320$ 

0-166C* 


Antimonious acid 
Suboxide of copper 

Oxide of copper 
^rotolllde of lead 
%ed lead . 

w 

Red oxide of mer- 
cury 

Oxide of zinc 


0-130N 
0-1073N 
f 0-137N 
1 0*146ff 
f 0-05‘ft 
1 0*068* 
(0*068$ 
f 0*06 1W 
1 0*072$f 
f 0-049N 


. Q-°50tt 
io-lSfN 
1 0*1369* 
0*141++ 


Protoxide of tin 0*096++ 

Peroxide of tin 0*1 1 1++ 

Tinstone . 0*0895N 

Oxide of chromium 0*1 96N * 
Oxide of uranium 0*1 06N 
Peroxide of manga* ) ~ ini .. 

nese }0*191tt 

Titanic aeid . 0*l724N 

VI. HYDRATED OXIDES. 


Hydrate of potash 
■ of lime 

of alumina 

Hydrated peroxide 
of iron 


0*358++ 
0*40 D 
0*420++ 

1 0*188$$ 


VII. SUDPHUKETS. 


Sulphuret of iron 0*135++ 
Persulphuret of iron 0*1323N 
(0-044N 

Galena 


Cinnabar 

Orpiment 

Realgar 

Blende 

Molybdena 





0*1 SOW 

O*f02N 


VIH. MINERALS. 


Gurhofian 

0*21 68N 

Magnesite 

0*2270N 

Sparry iron ore 

0-1820N 

Calamine 

0-1712N 

Red iron ore 

0-166N i 

Iron glance 

' 0*163N 

Pitch ore 

0*106N 

IX. GLA 8 S, 

&% 

Glass 

0*1 770(c) 

Flint glass 

f 0-19D 

lo-mt 

Swedish glass (2*386) (H87§ 

Crystal 

/ 0-1894N 
1 0*1929$ 

Crown glass 

0*200(a) 

Stoneware 

0*196$ 

Agate 

Qrie 5 § 
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X. animal solids. 


Ox hide with hair 0*7870* 
Lungs of a sheep 0*7690* 
Lean of ox beef 0*7400* 

XI. VEGETABLE SOLIDS. 

Pinus sylvestris 0'65f 
Pinus abies # . 0*601T 

Tilia Europaea . 0*621T 

Pinus picea • 0*5 8f 

Pyrus malus . 0*571T 

Betula alnus . 0*5 31T 

Cotton . • 0*53 

Quereus robur ) 0*5 If 

sessilis . J 
Fraxinus excelsior 0*5 If 
Pyrus communis 0*5 Of 
Rice . • 0*5060* 

Horse beans . 0*5020* 


Dust of the pine-tree 0*5000* 
Peas . • 0*4920* 

Fagus Sylvatica 0*49f 

Car pinus betulus 0*4 8f 

Betula alba . 0*4 8f 

Wheat . . 0*4770* 

Elm . . 0*47f 

Quereus robur pe- \ 
dunculata J 

Prunus domestica 0*44f 

Diospyrus ebenum 9*4 3f 

Barley • 4 • 0*4210* 

Oats . . 0*4160* 

{ 0-28D 

Fit coal . . 1 0.2777* 

CLarcoal . . 0 * 2631 * 

Cinders . » . 0*1923* 


, xn. liquids. Sect 111. 


Watdr at 32° 

1*000 

at 212° . 

1-0176N' 

Atoms 

Nitric acid. 

1 

Atoms 

Water. 

+ i 

0-4416T 

1 

+ 2 

0-5138 

1 

+ 3 

0-5553 

1 

+ 4 

0-5834 

1 

+ 5 

0-6021 

1 

+ 6 

0-6418 

1 

+ 7 

0-6495 

1 

+ « 

0-6832 

1 

+ 9 

0-6941 

1 

+10 

0-7239 

Atoms 

Sulphuric acid. 
1 

Atoms 

Water. 

+ i 

0-35 93 T 

# 1 

+ 2 

0-4707 

1 

+ 3 

0-4786 

1 

+ 4 

0-5228 

1 

+ 5 

0-5690 

1 

+ 6 

0-6091 

1 

+ 7 

0-6429 

1 

+ 8 

0-66$) 

1 

+ 9. 

0-7003 

1 

+10 

0-7201 

Alcohol (absolute) 

♦ 0-6600T 

Atoms 

Alcohol. 

4 

Atoms 

Water. 

+ i 

0-6775 

3 

+ i 

0-7576 

2 

+ i 

0-8034 

1 

+ i 

0-8466 ' 

1 

+ a 

0*9210 

1 

+ 3 

0*9915 

1 

+ 4 

0*99620 


(*) Specific grav$7 of 
nitric acid. 


Atoms Atoms 
acid, water 


1 

1 

1 

*1 
’ 1 
1 
1 
1 

A 1 
1 


+ F37 

+ 2 

3 

4 

5 

6 

7 

8 

■m ’ 


<l*504 

1*4862 

1*4477 

1*4177 

1*4005 

1*3724 

1*3598 

1*3235 

1-3007 

-1-2815 


Specific gravity of 
sulphuric acid. 


Atoms Atoms 
acid, water. 

1 + 1 

1 + 2 

1 + 3 

1 + 4 

1 + 5 

1 + 6 

1 4 * 7 

1 + 8 

1 + 9 

1 +10 


1-8422] 

1*7837 

1-6588 

1-5593 

1*4737 

1-4170 

1£730 

1*417 

1*3105 

1*2845 


Specific gravity of 
alcohol. 


Absolute alcohol 0*79^ 

Atoms Atoms 1 % 


alcohol, mater 


4 

3 

2 

1 

1 

1 

1 


l 

1 

1 

1 

2 

3 

4 


0-8179 



0-8679 

0-9042 

r (f-9266 

0-9412 
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Chap. 1. Mur. apid (1*122) 

(1*153) 

Aeetio acid (1*056) 
Vinegar . 

Solution of potash 

(1*346) 

Solution of ammonia 

(0*997) 

(0*948) 

Ether (0*729) . 
(0*76) . 
Olive oil . 


Linseed oil 


0*68t 

0*60D 

0*66D 

0-92D 

0*759f 

0*708t 

1*03D 

0*520(d) 

0*54329|| 

0-66D 

5 0-4384911 
0-50L 
0*7 18f 
f 0*45192|| 
\ 0*528f 


Spermaceti oil 
Whale oil 

Oil of turpentine 

Naphtha * 

Liquid spermaceti 1 

Arterial blood . 
Venous blood . 
Cow’s milk 


f 0*500* 

1 0*52D 
0-530T 
r0*33856j| 
J 0*400(a) 
|0*462(d) 
(0-472f 
0*4151911 
0*320(a) 
f 1*030* 

‘ 0*91 3(b) 

' 0 * 8928 * 

' 0*903(b) 

’ 0*9999* 
0-98D 


XIII. GASES. 

The determination of the specific heat of gases is so difficult 
that no experiments hitherto published have obtaine4$f^#al 
confidence. It will be proper, on that account, to 
rateiy the principal results obtained. 

(1.) Experiments of Delaroche an 4 Berfflnf. m 
1 . Gases referred to a\r . 


Air 

Same bulk,. 
1-0000 


Same weight 
1*0000 

Hydrogen 

0-9033 

. 

12*3401 

Carbonic acid 

1-2583 

. 

0*8280 

Oxygen 

0-9765 

. 

0*8848 

Azote ... 

1-0000 


1*0318 

Protoxide of azote . 

1-3503 


0*8878 


* Crawford; + Kirwan; % Lavoisier and Laplace; $ $Pileke; 1 Meyer; 
L* Leslie ; [J Count Ruxnfbrd ; D. Dalton, New System of Chemioel Philo- 
ftpplty, p* 60. (a) Irvine, Essays, p. 84 and 88. (b) John Davy, Phil. 
*mfl8a 1814, p. 593. (c) Dulong and Petit, Annate of Philosophy, xiii. 
104, and xiv. 189. (d) Despretz, Ann. de Qhim. efe de Phys. \*iv. 328. 
ft u\vogadro,4nn. de Chim et de Phys, lv. 92. N. Neumann, PoggendorfFs 
Anaalen, x^riii. 30. G. Gadoim, Kong. Vet. Acad. Handl*, 1784, p. 218. 
T. Thomson. 
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* 

Same bulk. 

Some weight Sect* 'll I. 

Olefiant gas . • 1*5530 

1*5768 

. Carbonic oxide . 1*0340 

1*0805 

2. Gases referred to water . 

Same weight 

Water . . . 1 . 

1-0000 

Air 

0-2669 

Hydrogen 

3-2936 

Carbonic acid .... 

0-2210 

Oxygen ' 

0-2361 

Azote 

0-2754 

Protoxide of azote 

0-2369 

Olefiant gas .... 

0-4207 

Carbonic acid . . # 

0-2884 

Aqueous vapour .... 

0-8470 

(2.) Determinations of Haycraft , Marcet, and Delaroche . 

According to these experimenters, the same volumes of all 

gases under the same pressure, have the same specific heat ; 
consequently the specific heats (reckoned by weight) are in- 

versely as the specific gravities ; therefore. 

if we reckon the 

specific heat of oxygen 1, which is most convenient the specific 

heats of the gases are as follows : — 


Gases. 

Specific heat. 

Oxygen gas .... 

i 

Hydrogen 

16 

Carbon vapour .... 

2-66 

Carburetted hydrogen 

2-00 

Ammonia •••>.. 

1-8824 

SteanV ..... 

1-7778 

Phosphorus vapour 

1-3333 

Pho^huretted hydrogen 

1-2307 

Hydrocyanic acid vapour 

1-1852 

Bihydroguretted phosphorus 

1-1429 

Azotic gas .... 

1-2429 

Olefiant gas .... 

1-1429 

Carbonic oxide . . ^ . 

1-1429 

Deutoxide of azote 

1-0666 

Sulphur vapour 

1- 
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■ Gases. * 

Specific heat 

Sulphuretted hydrogen 

: 0*941 18 

Muriatic acid . 

0*86486 

Carbonic acid . . • 

0*72727 

Protoxide of azote . 

0*72727 

Cyanogen . • . 

0*61538 

Tellurium vapour * 

. 0*5 

Sulphurous acid 

0*5 

Telluretted hydrogen 

0*48485 

Fluoboric acid 

0*47059 

Chlorine V . ... 

. * 0*44444 

Arsenic vapour . . 

0*42105 

Sulphuret of carbon vapour 

0*42105 

Arseniuretted hydrogen 

0*41026 

Sulphuric acid vapour 

0*4 

Selenium vapour . 

0*4 

Selenietted hydrogen 

0*39024 

Chlorocarbonic acid 

0*32 

Fluosilicic acid 

0*30769 

Hydriodic acid 

0*256 

Iodine vapour 

0*12903 


The experiments of Marcet and Delarive were made under 
a pressure of 25*59 inches of mercury. It appears from their 
trials, that as the gas is dilated the specific heat undergoes a 
slow diminution ; as will appear from the following experiments 
which they made on 'common air.* 


Pressure in inches of mercury Centesimal, 

25*59 the volume of air heated 6°*33 In 5' 

23*22 6*55 — 

19-17 6*90 — ' 

14*76 7*01 — 

10*16 * 7*3& ■ «■■ ■ ■ 


, ( y 


This is precisely what might have been* expecte&friBbugh 
rate of diminution appears much slower thaq, cmwnavej^ss 
anticipated. This part of the subject JlWfl requires, -farther 
elucidation. 


* Anai de Chim. et de Phys. xxxv. 28. 
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(3 .) Specific hCats of the gases, according to M. Dulong. 

Volume constant. Pressure constant 

Air . ... 

1*000 

i-ooo 

Oxygen 

f -000 . 

1-000 

Hydrogen 

1*000 

1-000 ' 

Carbonic acid 

1*249 

. 1-175 

Carbonic oxide 

1-000 ' . 

1-000 

Protoxide of azote 

1-227 

1160 

Olefiant 'gas 

1-754 

1-531 


) Specific heats of equal volumes of gases , as determined 



DnApjohn. 


•i 

Water = 1000 

V Air = 1-000 

Air 

0-2670 

1-000 

Azote 

0-2799 

1-048 

Oxygen 

0-215*4 

0-808 

Hydrogen . 

0-3896 

1-459 

Carbonic acid * 

0-3192 

1-195 

Carbonic oxide 

0-2660 

0-996 

Protoxide of azote 

0-3186 

1-193 


Having stated the facts which have been determined experimen- 
tally, let us now endeavour to establish a theory of latent heat. 
fc^lP%as observed by Dulong and Petit, that if the atomic 
weight of a body be multiplied by its specific heat, the pro- 
duct is a constant quantity. The following table will enable 
us to judge of the truth of this observation : — 


Carbon 

Atomic 

Weight. 

1-50 

Sp. Heat. 

0-257 

Product. 

0-385 ’ 

Sulphur 

2*00 

0-188 

0-376 

Arsenic 

4*75 

0*081 

0-385 

Antimony . 

8*00 

0*047 

0-376 

Tellurium . 

4-00 

0*0912 

0-364 

Iron * 

3*50 

0*11 

0-385 

Nickel 

3*25 

0-1035 

0-336 ' 

Z inc . . . 

4-125 

0*0927 

0-383 . 

Lead 

13*00 

0*029 

0-377 

m -• ;;/. :■■ ■ 

7*25 

0*051 

0-370 

Copper •• 

4 

0*095 

0-376 

Bismuth . 

9 

0*04 

0-360 

Mercury 

12*5 

0*029 

0-3625 

Gold 

12*5 

0*0298 

0-373 

Platinum . 

12 

0*031 

0-372 

Iodine 

15*76 

0*089 

0-4017$ 


Mean 0*374 
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Chap. t. 4 Trtie products ihfthe third column, obtained by multiplying 
together the first and second columns, do not absolutely agree, 
in consequence doubtless of errors in the determination of 
the specific heats of the different bodies. But the approxi- 
mation is sufficiently evident, and the mean of the whole six- 
teen bodies contained in the table gives 0*374 for the constant 
quantity obtained by multiplying the atomic weight by the 
specific heat. 

It seems sufficiently established by this table, that the 
atomic weight of a simple substance multiplied by its specific 
heat is a constant quantity. Ancf this quantity appears to be 
0*374 or 0*375. The conclusion to be drawn from this, is 
obviously, that the same quantity of heat is attached to each 
atom . The reason why the specific heats appear different, is, 
that the weight of the atoms of the different bodies differ from 
each other. But the specific heat of each individual atom 
is absolutely the same. 

Let us now examine the product obtained, when the atomic 
weight of binary cSmpounds is multiplied into their specific 
heat . % * 


, Weight Sp. Heat Product 

Alumina . . 2*25 0-200 0-450 

Silica . . [2 0-179 0*358 

Lime . . 3-5 0-205 0*7 17‘ 

Magnesia . . I 2-5 0-276 0-690 

Black oxide of oppper j 5 0*146 0*730 

Protoxide of lead |14 0*05 0700 

Oxide of zinc . 5*125 0-141 0*722 

Protoxide of tin' 8*25 0*096 0*775 

Oxide of chromium 5 0*196 0*980 

Oxide of uranium 27 0*106 0*786 


Mean 0*762. 


If we leave out the first two of these substances, the mean 
♦ quantity obtained by multiplying the atomic weight of the 
eight remaining substances into the specific heat, is 0*762* 
Now, 0*375 X 2 = 0*760, a number approaching very nearly 
to 0*762. From this it would seem that each of theatottm of 
•a binary compound, retains eU the heat with which it was 
united previously to its entering into the state of a compound* 
Probably the atqjnic weight of silica $nd alumina is twice 
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as much as we reckon it. If this be the ease, the produet of Sect, hi, 
the atomic weight into the specific he&t will be 


Mean 0*808. 


Alumina . • 0*900 *7 

Silica . 0-716 5 

this mean approaches 0*750. 

. It would appear from this, that the specific heat of binary 
compounds multiplied into the atomic weight, gives the con- 
stant product 0*75. But this law is not so general as the pre- 
ceding ; for the chlorides seem to contain twice as much heat 
as the oxides ; or the product of the atpmic weight into the 
specific heat is 1*5, instead of 0*75. This will appear 'from 
the following table : — 



Atomic 

Weight. 

Sp. Heat. 

Corrosive sublimate 

17 

0-069 

Common salt 

7-5 . 

0-221 

Chloride of potassium 

9-5 

6-184 

Chloride of calcium 

7 

0-194 


But the sulphurets come under the 
pear from the following table : — 



* Atomic 
Weight. 

dp. Heat. 

Sulphuret of iron 

5*5 

0*135 

Galena 

15 

0*044 

Cinnabar 

14*5 

0*048 

Blende 

6*125 

0-113 


Product. 

1-173 
1-657 
1-748- 
1-358 

general law, as will ap- 


Product. 

0-742 1 

0-660 (.Mean 0-698. 
0-696 ( 

0-692 ) 


\ 

$ 


Mean 1-484. 


This mean approaches sufficiently near 0-7 5, to show that 
each atom of a 'sulphnret retains all its heat. 

Water is doubtless a ternary compound, of two atoms of 
hydrogen, and one atom of oxygen ; its atomic weight being 
1*125, and its specific heat 1, the product is 1-125. This is 
0-375 x 3= 1*125. Hence it appears th«t in water each 

atom retains all the heat which surrounded it or adhered to 
it before combination. . , . 

We may conclude, I conceive, from what has been stated, 
that the specific heat of a simple body is always obtained by 
dividing, the constant quantity 0*375 by the atomi<? weight. 
Let the atomic weight of a simple body be a, and its specific 

heat and let c ±= 0-375, then * = -. 

° ft 
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Cfrap. I. The following table, calculated from this law, exhibits the 
"specific heat of all the simple bodies at present known : — 


Oxygen 


Atomic weight. 

1 

• 

Specific heat 

0-375 

Chlorine 


4-5 


0-083 

Bromine 


. 10 


0-0375 

Iodine 


. 15*75 

• 

0-0238 

Hydrogen 


0-0625 * 


6 

Azote 


1-75 


0-214 

Carbon 


1-5 


0-25 

Boron 


1 


0-375 

Silicon 


2 


0-1875 

Phosphorus 


1? 


0-375 

Sulphur 


2 


0-1875 

Selenium 


. 5 


0-075 

Tellurium 


4 


0-0937 

Arsenic 


4-75 


0-079 

Antimony 


8 


0-047 

Chromium 


4 


0-0937 

Uranium 


. • 26 


0-014§ 

Vanadiqgi 


8-5 


0-0441 

Molybdenum 


6 


0-0025 

Tungsten 


. 12-5 


<W' 

Columbium 


. 22-75 


v 6-0164 

Titanium 


3-25 

0-115 

Potassium 


5 


. 0-075 

Sodium . 


3 


♦ 0-125 

Lithium 


. ' 0-75 


0-5 

Barium . 


8-5 


0-044 

Strontium 


. 5- > 

• 

0-068 

Calcium 


2-5 


0-15 • 

Magnesium 


1-5 

-> • 

0-25 

Aluminum 


2-25 


0-1666 

Glucinum 


2-25 

• 

0-1666 

Yttrium 


4-5 

• 

0-0833 

Cerium 


5-5 

• 

0-05 

Zirconium 


2-75 


0-136 

Thorium 


7-5 

S • 

0-05 

Iron * . 


< . 3-5 


0-1071 

Manganese 


% 3-5 

• 

0-1071 



SPECIFIC HEAT. 


Atomic weight. 


Specific heat 

Nickel 

3-25 


0-1153 

Cobalt 

3-2$ * . 


0-1153 

Zinc 

4-125 


0-0909 ; 

Cadmium 

7 


0-05357 

Lead 

13 


0-0288 

Tin 

7-25 


0-0517 

Copper 

4 


0-0937 

Bismuth 

9 


0-04166 

Mercury 

12-5 


0-03 

Silver 

13-5 


0-0277 

Gold 

12-5 


0-03 

Platinum 

12 


0-03125 

Palladium 

6-75 


0-0555 

Rhodium 

G-75 . . 


0-0555 

Iridium 

12-25 


0-03061 

Osmium 

12-5 


0-03 

Protoxide of iron 

4-5 


0-1666 

Protoxide of manganese 

4-5 


0-1666 

Protoxide of nickel . 

4-25 


0-1764 

Protoxide of cobalt 

4-25 


0-1764 

Protoxide of zinc 

5-125 


0-H63 

Protoxide of cadmium 

8 


0-0945 

Protoxide of lead 

14 


0-05357 

Protoxide of tin 

8-25 


0-0909 

Protoxide of copper 

5 


0-15 

Yellow oxide of bismuth 

10 


0-075 

Red oxide of mercury 

13-5 


0-05555 

Black oxide of silver 

14-5 


0-0517 

Sulphuret of iron 

5-5 


•0-068 

Galena . 

15 


0-05 

Cinnabar 

14-5 

, 

0-0517 

Blende 

6-125 

• 

0-124 


A comparison of this table with the results of the different 
experimenters will enable the reader to judge how nearly they 
have approximated to the truth. ^ 

It is exceedingly probable that the specific heat of binary 
compounds will be obtained by dividing 0;75=0*375 X^ by fhe 
atomic weight of each body. The following table exhibits a 
specimen of specific heats determined in this way. 


73 

Sect. III. 



HEAT. 


74 

Chap. I. 


'■ 

Atoi«ic>oigbt» 

s pecWt heat*. 

Potash 

. . 6 

0-125 

Soda 

4 

0-1875 

'Lithia 

1-75 

0-4285 

Bafytes . 

. . 9-5 

0-0789 

Strontian 

. . 6-5 

0-1153 

Lime 

. . 3*5 . 

0-2T43 . 

Magnesia 

• * * « « • 

0-3 


But the chlorides, unless (as is probable) we are mistaken 
about their constitution, do not come under the law of binary 
Compounds, but of quaternary compounds : their specific heat 
being obtained by dividing 1*5 = 0-375 X 2 by their' atomic 
weights, as may be seen by the following table : — 


Atomic weights. Specific heats. 


Corrosive sublimate 

. 17 

. 

0*0882 

Common salt 

7-5. 

• 

. 0-2 * 

Chloride of potassium 

9-5 

. 

0-1579 

Chloride of calci&m 

7 

• 

0*2143 

The specific heat of ternary compounds 

is obtained by diw 


viding 1-125 = 0-375X3 by the atomic weight of the body. 
Thus the#pecific heat of water is unity ; for its atomic weight 

i 8 1-125 and 

It would be hazardous, in the present stat^of our knowledge, 
to carry the calculation of specific heats / infaS more complicated 
compounds. I have little doubt that it4&>lds at least as far 
as quaternary and qqjnternary compounds ; and hereafter, 
the knowledge of the specific beat of such bodies will be a most 
important means of determining not only their atomic weight, 
but also the number of atoms which enter into theij epmposi- 
tiona. But there are some circumstances connected with the’ 
specific heat of bodies that deserve to be particularly noticed 
in this place. ‘ 

1. It is generally admitted by chemists that the specific 
heat of bodies increases with their temperature. Thus, ac- 
cording to Neumann,* the specific heat of Water at,81° and 
2f2° is^s follows 

at 81° . . I 

212 ® . '. . 1-0176 

* Poipriorcndorff’.s Ainiiilen, xxiti, 53. 
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an augmentation approaching to 2 pqr cent. If the theory of sect, hi. 
specific heat» which I have attempted to establish in the pre- 
ceding pages, be correct, it is obvious that the augmentations 
of heat necessary to produce a given increase of temperature, 
as the heat of the body increases, must be distinguished from 
the specific heat of the body, which mus^be constant at all 
temperatures. I, conceive it to be produced in this way. 

Heat has the property of augmenting the bulk^of bodies, and, 
of course, of causing the atoms of which they are composed to 
recede farther fljjjpi each other. * This increase of bulk cannot 
be ascribed to any thing else than a repulsion between the 
particles of heat which surrounds the respective atoms. This 
repulsion 1 increases with the temperature, because the quantity 
of heat surrounding each atom increases. But as the distance 
between the centres of the respective atoms increases, the re- 
pulsion of the heat must proportionally diminish, and of course 
a greater quantity of heat surrounding each atom becomes 
Requisite to maintain the repulsion which determines the dis- 
tance between the atoms. 

I shall here state the experiments of Dulong and Petit to 
show the increase of the specific heat of bodies as their tem- 
perature augments. Their method was to heat the body un- 
der examination to different temperatures, and then to plunge 
it into cold water. The change of temperature in the water 
enabled them to calculate the heat which the hot body had lost, 
and thence to determine its specifio heat. They have not 
given us the details of their experiments ; but they assure us 
that they were made with great care, and that the results are 
very ne&* the truth. They found that the specific heat of 
every substance is greater at high temperatures than at low 
temperatures, and that it always increases with the tempera* 
tures. Thus the specific heat of iron, at different tempera- 
ture*, they found as follow^: — 


Centigrade. 

* Fahrenheit 

**Sp. heat. 

Prom 0 6 to 100° 

32® to 212° 

r 0*1098 
0*bl50 

0 to 200 

32 to 392 

0 to 300 

. . 32 to 572 

0*1218 

0 to 350 

32 to 662 

0-1255 
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Chap, l. The following table exhibits the specific heats at different 


temperatures of the other bodies tried by th&n : — 

Sp heats’betwcen Sp. heats between 

0° and 100° cent, 0° and 300° cent. 

Mercury 

0-0330 

0-0350 

Zinc 

0-0927 

0-1015 

Antimony 

0-0507 

0-0.549 

Silver . 

0-0557 . . 

0-0611 

Copper 

0-0949 r • 

0-1013 

Platinum 

0-0355 

0-0355 

Glass . 

#1770 

tf-1900* 


2. It has been long known that when liquids upon being 
mixed enter into chemical combination with each other, the 
temperature changes, and in general, heat is evolved. Thus, 
when we agitate together' mixtures of water and alcohol, 
water and nitric acid, water and sulphuric acid, the respective 
liquids combine, and not again separate though left at rest. 
Now, at the instant when these liquids unite with each other* 
there is a considerable evolution of heat. ' 1 

Dr Irvine was the first person who attempted to account*for 
this increase of temperature, and his explanation has been gene- 
rally admitted as satisfactory ; though I am not aware of any 
other person except Gadolin, who has attempted to put it to the 
test of experiment. When two liquids evolve hefct in the instant 
of combination, the reason according to Dr Irving is, that the 
specific heat of the compound is less than' the mean of the 
specific heat of its two constituents; hence it requires less 
heat than it did before the combination to maintain- the tem- 
perature. This surplus heat escapes and occasions the aug- 
mentation of temperature. Irvine employed this explanation 
as a^pieans of arriving at a knowledge of the real zero. 4 He 
found thawhen equal bulks of sulphuric acid and water are 
mixed together, the thermometer rises from 3?° to 212° ; or 
the heat evolved amoqpts to 15 5°.* 

He stated*tfie specific heat of sulphuric acid to be 0*333, or 
the third»jparij|yFtfiat of water ; while the specific heat of a mix- 
ture of equal veffumes of aci<L\ifend water was 0*52. But the 
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mean specific heat of equal volumes of acid and water is 0*57. Sect. Hi. 
The difference between these two numbers is 0*05, or about T jth 
of the whole heat. Now, the* heat evolved, he conceived to 
be the consequence of this diminution. It amounted to 155°, 
and was about T \yth of the whole heat contained in the liquids 
at 57°. Consequently, the real zero is lj^50° below 57°, or 
about 1500° below the zero of Fahrenheit. 

Before we admit the Alidity of this very ingenious and 
plausible theory, we must be sure of the accuracy of tlie % facts. 

The only experiments on the subject with which I am ac- 
quainted, were made by Professor Gadolin of Abo.* His ex- 
periments were made upon solutions of common salt, and upon 
mixtures of sulphuric acid and water; but as he gives no- 
where the specific gravities of the substances used, and as the 
atomic proportions were not attended to, we have not sufficient 
data to warrant the conclusions which Gadolin has drawn. 

I made a scries of experiments upon mixtures of water with 
alcohol, nitric acid, and sulphuric acid ; and I shall here state 
the result of these experiments. 

(1.) 'Alcohol. 

The following table exhibits the specific gravity of absolute 
alcohol, and of mixtures of alcohol and water, in atomic pro- 
portions at the temperature of 60° : — 

ReaU^i fic Mean^ificj Differenccs . 

Absolute alcohol . 0795 ' 

Alcohol. Water. I 

4 atoms + 1 atom 08179 0-8094 i +0-00617 

3 *+ 1 0-8259 0-8138 ! +0-01206 

2 + 1 0-8384 i 0-8222 i +0-01619 

1 + 1 0-8672 0-8433 ! +0-02392 

1 + 2 0-9042 0-8733 i +0-03084 

1 + 3 0-9266 0-8937 +0-®B89 ' 

1 + 4 0-9412 0-9084 ! +0-W262 

1 + 6 0-9509 6-9196 +0-03130 

1 + 6 0-9576 0-9§83 +0-02930 

1 + 7 0-9624 0-9353 . , +002708 

1 + 8 ..0-9659 0-9411 jA-02486 

1 + 9 0-9687 0-9459 f+0-02#8 

1 + 10 0-9709 0-9500 »+0-02090 

* 

* Kong. Vet. Acad. Nya Handlingar, 1784, p. 218. An account of them 
will be found in the appendix to Crawford’ s Treatise on Heat. 
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From this table it appears that the real specific gravity of 
mixtures of alcohol aqd water, is in all cases above the mean, 
and that this excess is greatesfewhen l atom alcohol is mixed 
with 3 atoms of water. The augmentation amounts in that 
case to almost -^th part. It is evident that when alcohol and 
water unite, the atoms approach nearer each other than be- 
fore. We might expect, therefore, that the 'specific heats 
would rather diminish in proportion as the specific gravity 
increases. 

The following table exhibits the specific heats of these 
different mixtures, determined by measuring the time which 
given volumes of such mixtures took to cool a certain number 
of degrees ; usually 40°. 


Absolute alcohol 

Alcohol Wate; 

Sp heats 

0-6600 

Mean specific 
heat by 
atoms 

Differences 

4 atoms 

+ 

1 a 

0-6775 

0-7280 

—0-0505 

3 

+ 

1 

0-7576 

0-7451 

+ 0-0126 

2 

+ 

1 

0-8034 

0-8150 

—0-0116 

1 

+ 

1 

0-8466 

0-830 

+0-0166 

1 

+ 

2 

0-9210* 

0-886 

+0034 

1 

+ 

3 

0-9915 

0-915 

+0-0765 

1 

+ 

4 

0-9962 

0-932 

+0-0642 

1 

+ 

5 

1-0052 

0-9433 

-b&p6l9 

JfP690 

1 

+ 

6 

1-0204 

0-9516 

1 

+ 

7 

1-0136 

0-9575 

+0-0561 

1 

+ 

8 

1-0227 

0-9622 

+0-0605 

1 

+ 

9 

1-0398 

1 0-966 

+0-0738 

1 

+ 10 

1-0277 

1 0-969 

+0-0587 


Mean sp 
heat by 
weight 


The specific heat in this table is considerably above the 
mean, except in two cases; but if we take into view the 
weight of the atoms of alcohol and water, we obtain the mean 
sj&ific heats in the last column of the table. By botk ways 
of calculating we see that the specific heats, with one or £wo 
exceptions, are above the mean. It is impossible, therefore, if 
any confidence can db placed in these experiments, to account 
for the^heafjevqlved by a diminution of the specific heat, when, 
so* far from diminishing, the specific heat in reality increases. 

The heat produced by mixing alcohol and water is very 
small. 24 cubic inches of the alcohol were usually employed. 



SPECIFIC HEAT. 79 

When an atom of (1, alcohol + l water) was mixed with 1 Sert. in. 
atom of water, the beat evoked was 7 °. When an atom of 
water was added to an atom of (2 alcohol .j. 1 water), the 
temperature rose 4°. The same rise was observed when an 
atom of water was mixed with (1 alcohol + 2 water). 

When 12 cubic inches of absolute alcohol were mixed with 

• . A 

so much water as to constitute a mixture of (1 atom alcohol 
+ 4 atoms water), the temperature rose 14°. When 12 cubic 
inches of (1 alcohol 4 - 4 water) were mixed with such a quan- 
tity of water as to constitute (1 alcohol'-)- 9 water), the rise of 
temperature was 7®. 

It is obvious that the heat evolved when alcohol and water 
are mixed, cannot be owing to a diminution of the specific 
' heat, since in most of the mixture^ the specific heat is greater 
than the mean. 


( 2 .) Nitric Acid. 

A similar set of experiments was made upon mixtures of 
nitric acid and water. The strongest acid in my possession had 
a specific gravity of 1*504. It was a compound of 1 atom 
acid, and 1*37 atoms water. 

The following table exhibits the specific gravity of mixtures 
of this acid and water in atomic proportions : — 


Atoms Nitrif Acid. 

1 

Atoms Water. 

+ 1*37 . 

,Sp. Gravity. 

‘ 1*504 

Mean do. 

Differences. 

1 

+ 2 

1*4862 

1*4646 

+ 0*0216 

1 

+ 3 

1.4477 

1*4321 

+ 0*0165 

1 

+ 4 

1*4177 

1*4030 

+ 0*0147 

1 

+ 5 

1*4005 

1*3961 

+ 0*0044 

1 

+ 6 

1*3724 

1*3671 

+ 0*0053 

1 

+ 7 

1*3598 

.1*3268 

+ 0*0023 


+ 8 

1*3235 

1*3233 

+ 0*0062 


+ 9 

1*3007 

1*2986 

+ 0*0021 


+10 • . 

1*2815 

1*2773 

’+ 0*0042 


The specific gravity is in every case above the mean ; and 
the greatest diminution of bulk is when 1 atomacid qqmbines 
with two atoms of water. 
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*• The following table exhibits the heat evolved when the acid 
and water are mixed in atomic proportions 


Acid. Water. 

Water. 

Thermometer 
rises from 

Heat 

evolved. 

(i 

+ 1-37) 

+ 0*63 

63° 

to 112° 

49° 

(i 

+ 2) 

+ 1 

47 

to 90 

43 

(i 

+ 3) 

+ 1 

.46 

to 75 

29 

(i 

+ 4) 

+ 1 

50 

to 65 

15 

(i 

+ 5) 

+ 1 

60 

to 78 

18 

(i 

+ 6) 

+ 1 

42J 

tto 61 

18* 

(i 

+ 7) 

+ 1 

68-j 

[to 71* 

3 

(i 

+ 8) 

+ 1 

63' 

to 66 

3 

a 

+ 9) 

+ 1 

68 

to 70 

2 


The greatest evolution of heat takes place doubtless when 
(1 acid+1 water) is mixed with an atom of water, corre- 
sponding to the greatest increase of specific gravity. 

The following table exhibits the specific heats of these 
various mixtures : — 


Acid. 

1 

Water 

+ 1*37 

Sp. Heat. 

0-4645 

Mean do. 

Differences 

1 

+ 2 

0-5138 

0-5066 

’ + 0-0072 

1 

+ 3 

0-5553 

0-5691 

— 0-0138 

1 

+ 4 

05834 

0-5987 

— 0-0163.. 

1 

+ 5 

0-6021 

0-6214 

— 0*0193x5 

1 

+ 6 

0-6415 

0-6352 

+ o-oo6af ' 

1 

+ 7 

0-6495 

0-6690 

— O-Q&XS 

1 

+ 8 

0-6832 

0-6731 

+ wm 

1 

+ 9 

0-6941 

0-7043 

— ^ 0-0102 

1 

+10 

0-7239 

0-7228 

+ 0-0011 


Here also the specific heat of the mixture is sometimes 
greater and sometimes less than the mean. Of course it is im- 
possible that the constant evolution of heat which is occa- 
sioned by every mixture, can be accounted for by a diminution 
of tire specific heat. 


(3.) Sulphuric acid L* 

, The following table exhibits the specific gravity of mix- 
tures of sulphuric acid and water in atomic proportions 

# Record* of Genera] Science/ iv. 252. 
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Acid. 

Water. 

Specific 

gravity. 

Mean ditto. 

Differences. 

1 atom 

+ 1 atom 

1-8422 

. 


1 

+ 2 

1-7837 

1-7114 

+0-0723 

1 

+ 3 

1-6588 

1-6158 

+0-0430 

1 

+ 4 

1-5593 

.1-5429 

+0-0164 

1 

+ 5 

1-4737 

1-4854 

—0-0117 

1 

+ 6 

1-4170 

1-4389 

—0-0219 

1 

+ 7 

1-3730 

1-4006 

—0-0276 

1 

+ 8 

1-3417 

1-3684 

—0-0267 

1 

+ 9 

1-3105 

1-3410 

—0-0305 

1 

+10 

1-2845 

1-3174 

—0-0329 


The first three of these mixtures have a specific gravity 
above the mean ; but that of the last six is below the mean. 

The following table exhibits the heat evolved when sulphuric 
acid of (1 acid + 1 water) is mixed with water in atomic pro- 
portion : — 


Acid. Water. 

Water. 

Therm rose from 

Heat 

evolved. 

(i+ 

i) 

+ 1 

60° 

to 

245° 

185° 

(i+ 

2) 

+ 1 

65 

to 

135 

‘70 

(i+ 

3) 

+ 1 

64 

to 

110 

46 

(i+ 

4) 

+ 1 

60 

to 

95 

35 

(i+ 

5) 

+ 1 

63 

to 

76 

13 

0+ 

6) 

+ 1 

63 

to 

72 

9 

(i+ 

7) 

+ 1 

63 

to 

70 

7 

(i+ 

8) 

+ 1 

63 

to 

69 

6 

0+ 

9) 

+ 1 

63 

to 

67 

4 

(1+10) 

+ 1 

63 

to 

66 

3 


The heat evolved was much greater when 1000 grains of oil 
of vitriol of sp.gr. 1*8422 were mixed with atomic proportions 
of water, as shown in the following table : — 




I Weight in grains of 

I Therm, rises from 

Heat 

evolved. 

Oil of vitriol. 

1 atom 

Water. 

+1 atom 

Acid. 

1000 

Water. 

183-6 

60° 

1 

to 245° 

185° 

1 

+2 

1000 

367-3 

67 

to 286 

219 

1 

+3 

1000 

550-9 

60 

to 268 

208 

1 

+4 

1000 

734-6 

60 

to 263 

203 

1 

+5 

1000 

918-3 

60 

to 238 

178 

1 

+6 

1000 

1102 

59 

to 222 

163 

1 

+7 

1000 

1285-7 

59 

to 207 

148 

i 

+8 

1000 

1409-3 

59 

to 198 

139 

1 

+9 

1000 , 

1653 

59 

to 188 

729. 


The following table exhibits the specific heats of these mix- 
tures of oil of vitriol and water : — 
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Acid. 

Water. 1 

Sp. heals. 1 

Mean do. 

Differences. 

1 atom 

+ 1 atom 

0-3593 



1 

+ 2 

0-4707 

0-4587 

+0-0120 

1 

+ 3 

0-4786 

0-5326 

—0-0540 

1 

+ 4 

0-5228 

0-5869 

— 0-0641 

1 

+ 5 

0-5690 

0-6306 

— 0-0616 

1 

+ 6 

0-6091 

*0-6660 

— 0-0569 

1 

+ 7 

0-6424 

0-6952 

—0-0524 

1 

+ 8 

0-6699 

0-7197 

—0-0498 

1 

+ 9 

0-7003 

0-7405 

—0-0402 

1 

4.10 

0-7201 

0-7581 

—0-0384 


Here we see also all the specific heats of these mixtures are 
below the mean, except the first. It is obvious from these 
tables that Dr Irvine’s explanation of the heat evolved when 
liquids combine chemically, cannot be the true one. And, 
consequently, that his method of detecting the real zero by 
this evolution cannot lead to correct results. 

Let us now see how far the theory of specific heat, as it has been 
stated in this section, will assist us in accounting for this evolution. 

It follows from the constant quantity obtained by multiplying 
the atomic weight into the specific heat of simple bodies, that 
each atom is surrounded by the same quantity of heat. This 
law holds also with binary compounds ; each atom retaining 
the quantity of heat with which it was surrounded before com- 
bination. But when a great number of atoms unite together, 
this rule does not hold. A certain portion of the lib$t dis- 
appears in consequence of the union, and this heat which 
escapes doubtless accounts for the heat evolved during the 
combination. The following table exhibits the products of 
the atomic weight of mixtures of sulphuric acid and waftS^ir, 
multiplied into the respective specific heats: — 


Mixtures. 

Acid. Water. 

Atomic 

weights. 

Specific heats. 

Product of 
cols. 2 and 3. 

1 atom + 1 atom 

6-125 

0-3593 

2-201 

1 +2 

7-25 

0-4707 

3-412, 

1 + 3 

8-375 

0-4786 

4-008 

1 + 4 

9-5 

0-5228 

4-966 

1 + 5 

10-625 

0-5690 

6-046 

1 + 6 

11-75 

0-6091 

7-157 

1 , + 7 

12-875 

0-6429, 

0-6699* 

• : *277 

1 + 8 

14 

£ '&370 

1 + 9 

15-125 

0-7003" 

1*0-592 

1 +10 

16-25 

9-720*. 

11-702 


=#375X 5*87 
=0-375x 9*09 
=0*375x1 0*68 
=0*375X13*24 
=0-375x16-12 
=0-375x19-08 
=0-375x22*07 
=0-375x25-01 
=0-375x28-24 
=0-375x31-20 
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The last column shows to what number, multiplied by 0*375, 
the product of the atomic weight, by the specific heat, is equal* 
There can be no doubt that if the specific heats were absolutely 
correct, the multiples of 0*375 would be as follows : — 


Acid. 

Water. 

Multiples. 

Number of 
atoms. 

Differences. 

1 atom 

+ 1 atom 

6 

7 

—1 

1 

+ 2 

9 

10 

—1 

1 

+ 3 

11 

13 

—2 

1 

+ 4 

13 

16 

—3 

1 

+ 5 

16 

19 

—3 

] 

+ 6 

19 

22 

—3 

1 

+ 7 

22 

25 

—3 

1 

+ 8 

25 

28 

—3 

1 

+ 9 ! 

! 28 

1 31 

—3 

1 

+ 10 

31 

I 39 

—3 


The third column of the table shows the number of atoms con- 
tained in each mixture. 

It appears from this table, that when one atom of sulphuric 
acid and one atom of water combine, though the number of 
atoms in the mixture be 7, yet the product of the atomic 
weight into the specific heat is only 0*375 X 6 ; consequently, 
one-seventh of the whole heat is dissipated. The consequence 
of this dissipation must be the evolution of an enormous 
quantity of heat, as is known to be the case when anhydrous 
sulphuric acid and water are mixed together. 

When one atom of acid is mixed with three atoms of Ivater, 
or when an atom of oil of vitriol is mixed with two atoms of 
water, the product of the atomic weight and specific heat is 
only 0*375 X 11, instead of by 13, so that ^ y ths of the whole 
heat is evolved. But we have seen that in this case the heat 
evolved is 219°. But 219° is T 2 y ths of 1423°*5; so that the 
whole heat present before the mixture was 1423°*5. If we 
could determine the elevation of temperature, with accuracy, 

we have here a mode of coming to the real zero. But it is 
obvious that the heat evolved must exceed 219°. The ther- 
mometer rises with great rapidity, and begins to sink imme- 
diately, and a good deal of the heat is expended in the vessel 
in which the experiment is made. 

It is obvious that the same mode of reasoning will apply to 
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nitric acid and alcohol. The following table exhibits the re- 
quisite data for ni#ic acid 



Number 
of atoms 

Atomic weights. 

Specific 

heats. 

Product of 
cols. 3 sind 4. 


1+ 1-37 

10 

8-29125 

0-4625 

3-851 

=0-375x10-27 

1+ 2 

12 

9 

0-5138 

4-624 

=0-375x12-33 

1+ 3 

15 

10-125 

0-5553 

5-562 

=0-375x14-832 

1+ 4 

18 

11-25 

0-5834 

6-563 

,=0-375x17-538 

1+5 

21 

12-375 

0-6021 

7-451 

=6-375x19-869 

1+ 6 

24 

13-5 

0-6415 

8-660 

=0-375x23-093 

1+ 7 

27 

14-625 

0-6495 

9-581 

=0:375x25-549 

1+ 8 

30 

15-75 

0-6832 

10-760 

=0-375x28-693 

1+ 9 

33 

16-875 

0-6941 

11-713 

=0-375x31-236 

1+10 1 

36 

18 

0-7239 

J 3-030 

=0-375x35-013 


The reason of the small elevation of temperature, when nitric 
acid and water are mixed, becomes evident from this table. 

We cannot apply this mode of reasoning to alcohol. The 
number of atoms is so great, and several circumstances con- 
nected with its atomic constitution are so uncertain, that our 
data are not sufficiently accurate for the purpose. 

It is obvious that in all cases, when heat is evolved by mix- 
ing two liquids together there exists an affinity between them, 
and when mixed they enter into a chemical combination. Now 
it is very seldom that bodies unite chemically, without under- 
going a change in their volume. Sometimes the bulk, after 
unioi$ increases ; but most commonly it diminishes. In the 
first case the atoms of which the bodies are composed, separate 
to a greater distance than before their union ; in the second 
case they approach nearer each other. In the case of expan- 
sion we would expect a diminution of temperature ; in the case 
of contraction an increase. There can scarcely be a doubt 
that these alterations in temperature take place in almost ill 
chemical combinations, though other circumstances frequently 
accompany these combinations, which prevent us from per- 
ceiving the alteration of temperature produced by the combina- 
tion. For example, when salts are dissolved in water, the 
density of the compound is almost always greater than the 
mean. Heat, therefore, should be evolted. But in liiqst 
case§ we are prevented from perceiving any augmentation of 
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temperature by the liquefaction of the water of crystallization, 
which most salts contain. When the quantity of this water of 
crystallization is considerable, the heat necessary for its lique- 
faction is so great that a considerable diminution of tempera- 
ture takes place. I select the following experiments, which I 
made many years ago, to satisfy myself what change in the 
real density of the compound takes place even in those salts 
which occasion sensible cold by their solution in water : — 


Salt in crystals. 

s wr 

Salt dis- 
solved. 

In grains 
of water. 

Sp. gr. of 
solution. 

Mean gra- 
vity * 

Differences. 

Carbonate 
of soda 

1-624 

Grains. 

300 

1000 

1-0880 

1-0973 

—0-0093 

Sulphate 
of soda 

1-3497 

299 

1000. 

1-0908 

1-0634 

+0-0274 

Sulphate 
of iron 

1-8 

300 

1000 

1-1313 

1-1142 

+0-0171 

Sulphate 
of mag- 
nesia 

1-862 

300 

1000 

i 

1-1206 

1-1197 

+0-0009 


In all these solutions, a contraction takes place, except in 
the case of carbonate of soda, where there is an expansion. 
When these salts are dissolved in water, cold is produced ; 
but the diminution of temperature depends as much upon the 
rapidity of the solution as upon any thing else. But the 
greatest cold is produced by the solution of carbonate of 
soda, in which there is expansion instead of contraction. The 
following table shows the diminution of temperature which 
takes place when 300 grains of each of the preceding salts in 
the 3tate of powder, but retaining their water of crystallization, 
are thrown into 1000 grains of water and stirred with a ther- 
mometer as long as the temperature continues to sink : — 

* The method of calculating the mean specific gravity of two bodies, or 
the specific gravity of a compound, supposing that no change of volume 
takes place, and that we know the specific gravity of each of the constitu- 
ents is as follows : — 

Let the two bodies uniting be A and B. Let S ~ specific gravity fcf A, 
W s= its weight. S' ss specific gravity of B. W' = its weight, then the 

(Y? 4. W'') S S' 

mean specific gravity of the compound is . 
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Temperature of 
water before 
adding the aalta. 

Ditto after agi- 
tation. 

Diminution of 
temperature. 

Carbonate of soda 

59°. 

43° 

16° 

Sulphate of soda 

57-5 

45-5 

12 

Sulphate of mag- 




nesia 

56*5 

51 

5-5 

Protosulphate of 



4-5 

iron 

58 

53-5 


Heat from 
anhydrous 
salts. 


When these salts, in an anhydrous state, are thrown into 
water, the temperature rises. Thus 300 grains of anhydrous 
carbonate of soda, thrown into 1000 grains of water, and 
stirred, elevated the temperature of the solution from 57°*5 to 
79°*5, or 22 degrees. The salt was nearly, though not com- 
pletely, dissolved. The specific gravity of anhydrous carbon- * 
ate of soda, is 2*640, and the specific gravity of a saturated 
solution at 80° of this salt, is 1*2291, and it is a compound of 
1000 water + 292*3 salt, or at 80°, 100 water dissolved 29*23 
of the anhydrous salt. In this case, there is a great diminu- 
tion of volume ; for the specific gravity, supposing no alteration 
in volume, should be 1*1636. The contraction amounts to 
0*0555. Three hundred grains of anhydrous sulphate of soda 
being thrown into 1000 grains of water at 6 1°*5, the tempera- 
ture rose to 65 ° *5 or 4°. It continued long at that tempera- 
ture. Much of the salt remained undissolved. The^specific 
gravity of the solution was 1*1549. It existed of 1000 grains 
of water holding in solution 164*84 grains of anhydrous salt. 
The mean specific gravity is 1*0934. The volume therefore 
has contracted. * 

r 

M. Kupffer has determined experimentally the change of 
volume which takes place, where lead and tin, mercury and 
tin, and mercury and lead, are alloyed in various proportions. 
He found the specific gravity of the metals which he employed 
as follows : — 

Lead .... 11-3308 

Tin . . 7-2911 

Mercury . 13*5886 

at the temperature of 39 0< 38, the point of maximum density 
of water. 
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Alloy of 

Tin. Lead. 

Spedfio gravity 
of the alloy. 

Mean specific 
gravity of the 
two metals. 

Differences. 

1 atom 

1 atom 

9-4263 

9-4366 

— 0-0103 

1 

2 

10-0782 

10-0936 

— 0-0154 

1 

3 

10-3868 

10-4122 

— 0-0254 

1 

4 

10-5551 

10-6002 

— 0-0431 

2 

1 

8-7454 

8-7518 

— 0-0064 

3 

1 

8-3914 

8-3983 

— 0-0069 

4 

1 

8-1730 

8-1826 

— 0-0096 

5 

1 

8-0279 

8-0372 

— 0-0093 

6 

1 

7-9210 

7-9326 

— 0-0116 


STi, 

Sect, ill. 

Density of 
alloys of tin 
and. lead. 


The specific gravity is always less than the mean. These 
metals, therefore, dilate when they combine. The dilatation 
is least between the alloy of 2 atoms tin + 1 atom lead, and 
the alloy of 3, atoms tin + 1 atom lead. M. Kupffer found 
that an alloy of 2J atoms tin + l atom lead, neither under- 
goes contraction nor dilatation, but is precisely the mean of 
that of the two metals alloyed. 

The following table exhibits the specific gravity of the 
amalgams of tin : — 


Amalgams of 

Tin. Mercury. 

Specific gravity 
of alloy. 

Mean specific 
gr. of metals. 

Differences. 

11-3816 

11-3480 

+ 0-0336 

1 atom 1 atom 

2 1 

10-3447 

10-2946 

+ 0-0501 

4 1 

9-3185 

9-2658 

+ 0-0527 

6 1 

8-8218 

8-7635 

+ 0-0583 


Of amal- 
gams of tin. 


Here the specific gravity is always above the mean, so that 
the metals, when they unite, diminish in volume, and this dimin- 
ution increases as the quantity of tin increases. 

The following table exhibits the specific gravity of various 
amalgams of lead : — 


Of amal- 
gams of 
lead. 


Here also the volume diminishes when the two metals com- 


Specific gravity. 

Mean gravity. 

Differences. 

13-1581 

13-0397 

12-8648 

13-1116 

13-0003 

12-8147 

+ 0-0465 
+ 0-0394 
+ 0-0501 


Volumes of 
Lead. Mercury. 

1 + 4 
1 + 3 
1+2 
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Chap* L bine ; and the alloy composed of 1 volume lead, and 3 volumes 
mercury, undergoes the least contraction.* 

The alteration in volume which takes place when bodies 
unite together, an& the quantity of heat evolved, or absorbed 
during the union, when studied with more accuracy than they 
have hitherto been, will doubtless furnish most important data 
for investigating the nature of affinity, and for determining the 
difference in the intensity of this force in different combinations. 
I shall therefore give a few more examples. 

1. The combinations of the metals with sulphur are all 
definite, and generally intimate. In all cases hitherto examin- 
ed, these combinations are accompanied by a diminution in 
bulk, which in some cases is very considerable. The follow- 
ing table exhibits the comppsition and specific gravity of soiqo 
of these sulphurets : — 


Metals. 

Sp. gr. 

Atomic 

weights. 

Iron 

Zinc 

Lead 

Copper 

Bismuth 

Silver 

Mercury 

Sulphur 

7- 8 
6-861 

11-357 

8- 9 

9- 833 
10-474 
13-568 

2-086 

13 

4 

9 

13-5 

12-5 

2 


Names of sulphurets. 

Constituents. 

MetaL Sulphu# 1 

Sp.gr. 

Ditto by 
calculation. 

Differences. 

Protosulphuret of 
iron 

Bisulphuret of 
iron 

Sulphuret of zinc 
Sulphuret of lead 
Disulphuret of 
copper 

Sulphuret of 
bismuth 
Sulphuret of 
mercury 
Swlphuret of 
silver 

1 atom + 1 atom 

1 + 2 

1 + 1 

1 + 1 

2 * + 1 

1 + 1 

1 + 1 

1 + 1 

4-518 

4-83 

4- 044 
7-602 

5- 792 

7-591 

7-780 

7-2 

4- 344 

3-1695 

3-960 

7-115 

5- 383 

6- 647 

7- 730 

6-9176 

0- 174 

1- 6605 
0-084 
0-487 

0-309 

0-943 

04)56 

0-2824 


Ann. de Chim. et de Phys. xl. 286. 
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The most remarkable of these compounds is the bisulphuret 
of iron, which is composed of 1 atom iron •+ 2 atoms sulphur. 
When iron combines with sulphur, atom to atom, the specific 
gravity is considerably above the mean, being 4*518. Now, 
when sulphur, which has a specific gravity of 2*086, combines 
in a sulphuret having a specific gravity more than double, one 
would expect that the specific gravity of the compound should 
diminish. It comes out by calculation only 3-4465 : but is 
really 4*83 ; so that the specific gravity has increased almost 
two-fifths. 

2. Oxygen being in a gaseous state and metals solid, we 
cannot so well determine the diminution of bulk which takes 
place when they combine. Yet as the oxygen is condensed 
into a solid in all of these compounds, we have it in our power 
at least to observe the comparative condensation, which may 
suggest some useful ideas. I shall therefore give the follow- 
ing examples of these combinations : — 


Oxides. 

1 Protoxide of lead 

2 Red lead . 

3 Peroxide of lead 
Peroxide of tin . 

1 Red oxide of copper . 

2 Black oxide of copper 
Oxide of bismuth 

1 Black oxide of mercury 

2 Red oxide of mercury 
Oxide of silver . 
Chloride of silver 
Oxide of nickel 


Composition. 


13 lead 

+ 

1 oxygen 

13 

+ 

1*5 

13 

+ 

2 

7*25 tin 

+ 

2 

8 copper 

+ 

1 

4 

+ 

1 

9 bismuth 

+ 

i 

25 mercury 

+ 

1 

25 

+ 

2 

13‘5 silver 

+ 

1 

13*5 

+ 

4*5 chlorine 

3*25 nickel 

+ 

1 oxygen. 


If we reckon the specific gravity of water unity, the specific 
eravitv of oxygen eras and chlorine gas referred to water is : 
Oxygen . . . 0*0013723 

Chlorine . • 0*00308325 
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OXIDES. 

A. 

Sp.gr. 

Sp. gr. by calcula- 
tion, supposing no 
condensation. 

Density, sup. 
posing the 
calculated 
density to 
be 1. 

Protoxide of lead ‘ . 
Red lead . 

Peroxide of lead 

9-277 

9-096 

8-902 

0-019136 

0-013068 

0-010261 

48-469' 

69-605 

86-755 

Peroxide of tin . 

6-97 

0-006342 

109-90 

Red oxide of copper . 
Black oxide of do. 

6-093 

6-401 

0-012308 

0-006857 

49-619 

93-477 

Oxide of bismuth . * 

8-211 

0-013674 

60-049 

Black oxide of mercury 
Red oxide of do. . 

10- 69 

11- 085 

0-035590 

0-018502 

30-036 

59-913* 

Oxide of silver . 
Chloride of do. . 

7-143 1 
5-129 

0-020158 

0-012436 

35-435 

41-243 

Peroxide of nickel 

4-846 

0-005829 1 83-133 


The last column of this table enablwus to compare the in- 
crease of density which these combinations undergo with each 
other. We observe, contrary to what might have been ex- 
pected, that the density increases with the quantity of oxygen 
added. This holds in the case of lead, copper, and mercury. It 
held also in the case of sulphur, in the former table. It would 
seem then to be a general law, that the diminution of volume 
increases in proportion to the quantity of the lightest substance 
added to the compound. Yet these additional doses of oxygen 
are more easily expelled by heat, than the portion which con- 
stitutes the protoxide. 

The increase of density differs in every oneof these examples. 
It is greatest in the peroxide of tin, and black oxide of copper, 
which are both difficult of decomposition by heat ; though I 
have converted black oxide of copper into red oxide by an in- 
tense heat. The most easily decomposed oxide in the table, 
is Dhe black oxide of mercury, and its increase of density is the 
least. Red oxide of mercury resists decomposition better, and 
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its increase of density is greater. Oxide of silver is also easily Sect, m. 
decomposed by heat, and its increase of density is compara- 
tively low. * 

We ought to be cautious in drawing conclusions from such 
tables, till the specific gravity of the metallic oxides be deter- 
mined with more precision than has hitherto been done. I 
have observed that the specific gravity of black oHde of copper 
increases the oftener it has been exposed to a reef heat. The 
same thing perhaps may hold with the other oxides; such of 
them at least as may be exposed to such a process. 

3. There is another general principle respecting the specific j£ vi ™£t ion 
heat of bodies, which was investigated with much ingenuity by of liquidity. 
Dr Irvine, and which deserves to be explained in consequence 
of the great importance attached to it, and the many ingenious 
theories founded upon it. According to Dr Irvine, when a body 
changes its state, its specific heat changes at the same time, 
and it changes according to a law, which may be thus expressed 
— when a solid becomes a liquid , its specific heat increases , 
when a liquid becomes an elastic fluid , its specific heat in- 
creases. On the other hand, when an elastic fluid is convert- 
ed into a liquid , its specific heat diminishes , and when a liquid 
is converted into a solid, its specific heat diminishes . 

I am not aware that any attempts have hitherto been made 
to establish the accuracy of this law, except in the case of 
water, and the results are so discordant that little confidence 
can be placed in them. Water, as is well known, exists in three 
states. 1. That of a solid, when it is called ice. 2. That of 
a liquid, when it is called water. And, 3. That of a gaseous 
fluid, when i( is called steam . 

(1.) The specific heat of ice has been determined as 
follows * 


By Clement and Desorme 

0-72 

By Dr Irvine 

0*8 

By Avogadro . . 

0^2 

Mean . ♦ . 

0-813 


\ (2.) The specific heat of water is 1. 
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Chap. l. (3.) The specific heat of steam: — 
By Delaroche and Berard 
By Avogadro 
By Crawford 


0- 8470 

1- 225 
1-55 


Mean .... 1-207 


These experiments, the best we have, give as the specific 
heat of 

Ice* . . . 0-813 

Water . . . 1-000 

Steam .* . . 1-207 


The law then holds with respect to that substance. But it 
would be dangerous to generalize farther, till it has been de- 
termined experimentally whether the rule holds in other sub- 
stances besides water. Sulphur, and such of the volatile oils 
as become solid when exposed to moderate cold, might 11 be 
examined without any insuperable difficulty. 


SECTION IV. — OF THE CELERITY OF THE COMMUNIC^lON 
Or HEAT. 

Heat enters l. It is generally admitted that heat is disposed to enter 

and leaves . ® ^ t 

bodies with into, or to leave the different kinds of matter with the same 

velocity. 6 degree of celerity. This is the foundation of the mode of de- 
termining the specific heat of bodies, by the time which they 
take in cooling. For it is obvious, that unless heat separate 
from every body, with the same celerity, we never can judge 
of the quantity of heat which each contains under the same 
temperature by this method. But if heat leave every body 
with the same celerity, then that body will be the#longest in 
cooling which contains the most heat, and consequently has 
the greatest quantity to lose. In this way, the specific heats 
of various metals, woods, and liquids, have been determined, 
and the results agree with experiments made in a different 
w&y. So far as we know at present, there is no exception to 
this general law. . i 
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2. When a body of some length is applied to a source of Sect. IV. 
heat by one extremity, while a thermometer is attached to its conduction 
other extremity, we shall find that a certain portion of the 
heat will pass through the body to the thermometer, and cause bodies, 
it to rise. When heat passes in this way, it is said to be con- 
ducted through the body. Now, if we try various substances 
in this way, we shall find a great difference in the quantity of 
heat which they allow to pass. Some under such circum* 
stances speedily become hot, and transmit a great deal of heat, 
while in others, the temperature rises comparatively less, and 
they transmit less heat to the thermometer. The first kind 
are said to be good conductors of heat; the second kind are called 
bad conductors . The metals are the best conductors among 
solid bodies. Stones, bricks, and earths, are much inferior in 
this respect; and liquids, and elastic fluids, when their particles 
are prevented from moving, or when their mobility is greatly 
retarded, are exceedingly bad conductors ; but they are good 
conductors when they are at perfect liberty to move from the 
hot to the cold body. 

There is a sensible difference between the conducting power 
of different metals, even when placed as nearly as possible in 
the same circumstances. If the extremity of a silver wire, a 
few inches in length, be held in the flame of a candle, the other 
end soon becomes so hot that it burns the fingers; whereas a 
platinum wire, of the same length, may be held in the flame of 
a candle for any length of time without producing that effect. 

A method of determining the relative conducting powers of Experi- 

the metals was contrived by Dr Franklin, and executed by Dr 
Ingenhousz, in the year 1780, which, though it does not give housz# 
any very exact results, enables us at least to form some notions 
of the relative intensities of each. Wires of gold, silver, cop- 
per, tin, steel, iron, and lead, of exactly the same size and 
length, were fixed at equal distances in a piece of wood, 
through which they passed perpendicularly. The portion of 
the wires above the wood (which was the most considerable) 
was covered with a coat of white wax by dipping them in 
, melted wax. That part of the wires below the wood was 
now plunged into olive oil heated nearly to 212.° That 
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wire was considered as the best con- 
ductor, which melted the wax highest 
up. Twelve experiments were made. 
The figure in the margin represents 
the wires above the wood in one of 
these experiments, and the cross lines 
show how high the wax was melted in 
each. In all the experiments the wax 
was melted highest up on the silver 
wire, next highest on the copper wire, 
and lowest of all on the leaden wire. 
In the others it varied. But gold 
and tin seem to stand next to copper, 
then comes iron, and then* steel. 

So that, according to these experi- 
ments, the conducting power of the 
seven metals tried is in the following 
order: — * 

Silver, 
Copper, 
Gold, } 
Tin, 5 
Iron, 1 
Steel, 5 
Lead* 



v 


But the most interesting set of experiments on this subject 
has been made by M. Despretz. He employed bars of the 
different substances of the same size, and covered with a coat- 
ing of varnish. One of the ends of the bar was heated by a 
lamp, while a thermometer was applied to the other. The 
height to which the thermometer rose after the lamp had ex- 
hausted its effect, measured the conducting powers of the 
bodies. *The following table exhibits the conducting powers 
of the various substances tried by Despretz, according to the 
results of his experiments : — f 


* Nouvelles Experiences, par Dr Ingenhousz, p. 380. 
t Ann. de Chim. et de Phys. xiz. 97. 
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Conducting power Sect. IV. 


Gold 


1.00 

Platinum . 

• • 

98-1 

Silver 

• • 

97*3 

Copper 

a • 

89*82 

Iron 

• • 

37-41 

Zinc 

a a 

36-37 

Tin 


30-38 

Lead 


17-96 

Marble 


2-34 

Porcelain . 


1-22 

Brick earth 


MS* 


It is probable that this difference in the rate in which heat 
passes through bodies is connected with the closeness of their 
texture, or at least with the contiguity of the particles of which 
they are composed. A set of experiments made by MM. Of Deia- 
Aug. Delarive and Alph. de Candolle corroborates this view Dec&ndoiie. 
of the subject.! They took pieces of dry wood, about 5£ 
inches long, inch broad, and 1 inch thick. At about 1£ 
inch from the extremity of these pieces of wood, a hole was 
bored, reaching to the centre of the piece, and rather more than 
|th ftch in diameter. Five such holes were made in each 
piece, at the distance of rather more than f ths of an inch from 
each other. • Into each of these holes was put a little mercury, 
into which the bulb of a thermometer was plunged. Over the 
mercury was strewed a little lycopodium powder, to prevent 
radiation of heat from the mercury. One of the extremities 
of the piece of wood was inserted in a case of tin plate, about 
f ths of an inch long, so as not to coyer any of the holes. This 
apparatus was suspended freely in the ai^; and a spirit lamp 
was plaeed under the extremity covered by the tin plate. The 
flame was prevented from striking against any other part of 
the wood by the chimney of the lamp, and by pieces of glass 
placed vertically between it and the wood, which were care- 
fully renewed whenever the heat began to pass through them. 

Care was taken to regulate the heat so as to prevent all rjpk 


* Trait6 Elementaire de Physique, par M. Despretz, p. 201. 
+ Ann. de Chim. et de Phys. xl. 91. 
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Chap. I. of injuring the texture of the wood. Some of these pieces of 
wood were cut, so that the woody fibres extended longitudinally, 
or in the direction of the wood. Others were in the contrary 
direction, so that the length of the piece was in the direction 
from the pith to the bark of the tree. 

The heat was continued in. each case for about a quarter of 
an hour after all the thermometers had ceased to ascend. The 
following stable exhibits the rise of the several thermometers 
in these experiments above the temperature of the room in 
which the experiments were conducted. 

I. The woody fibres being longitudinal, or in the direction 
by which the heat flowed. 


Names of the woods. 

Centigrade Thermometer. ) 

1st 

therm. 

0 

2d 

therm. 

3d 

therm 

4th 

therm 

5th 

therm 

Crataegus aria 

83° 

45° 

21°-2 

9°-2 

4°-4 

Nut wood 

80-13 

43 

19-63 

9-19 

5-13 

Oak 

81-7 

41*2 

17-5 

7-2 

3-7 

Fir 

84 

39-25 

20-6 

8-5 

3-7 

Poplar 

79-8 

34*2 

14-2 

6-2 

2-8 


II. The heat flowing in a direction opposite to that the 
woody fibres or across them. 



Centigrade Thermometer ' j 

Names of the woods. 

1st 

2d 

3d 

4th 

5th 


therm 

therm. 

therm. 

therm 

therm. 

Nut wood 

99°-5 

37°-43 

13°-19 

6° 

3°-25 

Oak 

79-3 

22-75 

7-5 

3*6 

2*4 

Fir 

70-9 

13-8 

4*5 

2*5 

1-9 

Cork 

78-5 

13-75 

3-44 

1-56 

1 




The following table exhibits the height to which the second 
thermometer would have risen, on the supposition that the first 
thermometer in every case rose 100° above the temperature of 
the atmosphere. 

I. Woody fibres longitudinal. 

Crataegus aria 54*28 

Nut wood 53.7 

Oak . . . • ... 50*5 
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Fir 

• • • • 

47*62 

Poplar 

■ # • • 

42*91 

Heat flowing across 

Nut wood • 

the woody fibres. 

• • • • 

37*59 

Oak 

• • • • 

28*57 

Fir ... 

• • • • 

19*6 

Cork 

• • • t 

17*5 


This table would give the relative conducting powers of the 
different woods, if their specific gravity and power of radiating 
heat were the same in all. But this not being the case, it 
affords only an approximation. 

In general, we see that the hardest woods conduct heat best ; 
though this is not accurately true, as nut wood conducts 
rather better than oak, though the latter is the hardest of the 
two. 

We see how much better wood conducts heat in the direction 
of the woody fibres than across them ; and this difference in- 
creases with the badness of the wood as a conductor. The 
conducting powers in the two directions may be represented 
very nearly by the following numbers : — 


Nut wood 

Oak 

Fir 


Longitudinally. 

5 

5 

5 


Across the fibres. 

3-46 

2-83 

2-05 


This inferiority in the conducting power of wood, when the 
heat moves perpendicularly to the direction of the woody fibres, 
will enable us to explain the reason why the temperature in 
the interior of the trunk of a tree, is nearly that of the soil from 
which they draw their nourishment. 

The only other set of experiments on this subject with Of Dr 
wfiich I am acquainted, was made by Dr Trail, professor of Trail ' 
medical jurisprudence in Edinburgh, on various liquids. The 
liquids under examination were put into a wooden cylinder, 
four inches long and two inches in diameter. A delicate 
thermometer was fixed so that its bulb was in the axis of this 
cylinder, at some distance from its bottom. An iron cylinder 
was heated for 15 minutes, in boiling water, and then intro- 
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Chap. I. duced through a hole in the lid of the wooden box, till its ex- 
tremity was exactly half an inch from the bulb of the ther- 
mometer. The time which the thermometer took to rise three 
degrees was marked by a stop-watch, when the cylinder con- 
tained different liquids. The following table exhibits the 
results obtained : — 


Liquids. Time of heating 3°. 


Water 

V 

5" 

Cow’s milk . . . 

8 

25 

Proof spirit 

8 


Alcohol (0*815) .... 

10 

45 

Olive oil 

9 

50 

Mercury 

0 

15 

1 Sulphate of iron ) 

5 Water f 

8 

- 

Saturated solution of a/um 

9 

40 

Ditto of sulphate of soda 

6 

30 

Solution of potash (Pharm. Lond.) . 

8 

. 15* 


Passage One would, at first sight, be disposed to conclude, that the 
through conducting power of these liquids is inversely as the time 
pendson 6 " necessar y to cause the thermometer to. rise three degrees, 
tiheezpan- Were that supposition well founded, mercury would be the+est, 
and alcohol the worst conductor of all the liquids tried. But 
if we consider the way in which the experiments were made, 
we must be sensible, that the rise of the thermometer was 
chiefly influenced by the change of density produced in the 
liquid, by augmenting its temperature. Those liquids, whose 
specific gravity diminishes most rapidly when heated, would 
allow the least heat to pass through them ; because the par- 
ticles, as they receive heat, would ascend most rapidly to the 
surface. Accordingly, alcohol, which undergoes the greatest 
expansion from heat, was the liquid which allowed the heat to 
pass downwards most slowly. While mercury, whose density 
' undergoes an insignificant augmentation from the addition of 
three degrees of heat, allowed the heat to pass through it much 
more rapidly than any of the other liquids. To make satisfactory 
experiments on the conducting powers of liquids, it would be 

* Nicholson's Jour. xii. 139. 
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necessary to guard against tlis mobility of their particles, Sect, iv. 
which opposes such an obstacle to the downward motion of 
heat through them, that Count Rumford was of opinion, that 
it prevented it altogether, till the contrary was shown by the 
experiments of Dr Murray and my own. 

Experiments have also been made by Dalton and Davy, Passag 
upon the time that a thermometer takes to cool a certain througi 
number of degrees in different gases. gase8 ‘ 

The following table shows the results: the first column 
gives the time a thermometer took to cool 15° or 20° by 
Dalton’s trials ; the second column the time a thermometer 
took to sink for each gas, from 160° to 106°, in 21 cubic 
inches of each gas in Davy’s trials : — 


Gases 

Time of Cooling 


Chlorine 


186" 

Carbonic acid «. 

112" 

165 

Sulphuretted Hydrogen* 

100 + 

— 

Nitrous oxide 

100 + 

150 

Olefiant gas 

100 + 

75 

Common air 

100 

129 

Oxygen 

100 

107 

Azotic gas 

100 

90 

Nitrous gas 

90 

— 

Gas from pit coal 

70 

55 

Hydrogen gas 

40* 

45t 


These two columns do not agree very well with each other, 
owing probably to diversities in the mode of conducting the 
trials ; but we see in general, that bodies cool slowest in the 
heaviest, and most rapidly in the lightest gases. It is obvi- 
ous that the rate of cooling depends chiefly upon the mobility 
of the gaseous particles. The process is different from the 
conduction of heat by solid bodies. 

Mr Graham has shown, by a set of very decisive experi- 
ments, that the mobility, or the rate of difftision of different 
gases, upon which the rate of cooling in them obviously de- 


* Dalton’s New System of Chem. i. 117. 
,f Phil. Trans. 1817, p. 60. 
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Chap, i. pefflds, is inversely as the square root of the specific gravity 
~ ~ of each gas. The following table exhibits the result of bis 
experiments compared with theory ; — 


Hydrogen 

Carburetted hydrogen 
Olefiant gas 
Carbonic oxide 
Azotic gas 
Oxygon 

Sulphuretted hydrogen 
Protoxide of azote . 
Carbonic acid 
Sulphurous acid 



BsteofDlfftynon. 



By expen- 

By theory. 

Specific gra. 
irity of gareii. 


3-83 

3-7947 

0-0694 


1-344 

1-3414 

0*555 


1-0191 

1-0140 

0-972 


1-0149 

1-0140 

0-972 


1-0143 

0-0140 

0-972 


0-9487 

0-9487 

1-111 


0-95 

0-9204 

1-1805 


0-82 

0-8091 

1-527 


0-812 

0-8091 

1-527 


0-68 

0-6708 

2-222 


Kate at 
which bo- 
dies cool. 


Hypothesis 

ofNewton. 


3. Heat is communicated from hot bodies to colder, with so 
much the greater celerity the greater the difference between 
the temperature of the two bodies is. Hence, when an iron 
ball is heated to redness and suspended in the air, it loses a 
very great deal of heat during the first few instants ; but the 
quantity lost in an instant diminishes at a great rate as the 
ball approaches the temperature of the air in which it is 
suspended. 

Sir Isaac Newton was of opinion, that the quantities of 
heat lost in given small times, are proportional to the excess 
of heat remaining in the hot body, or to the difference between 
its temperature and that of the air ; and therefore, thftt the 
quantities of heat lost in equal divisions of time constitute a 
series of proportionals, or form a geometrical progression. 
Froip a set of experiments on the cqolipg of mercury and 
water, published in 1750, by Riohmann,* it appears that the 
Newtonian law holds pretty nearly at as high temperatures 
120°. But beyond that point the verification does not seem 
to have been attempted.! 


* Novi Commentarii Acad. Scicn. Imper. Petropol. trap. iii. p. 308. 
f Novi Comment. Acad. Scient. Imperalis Petropotitance, iii. 

From Bichmann’s experiments in this paper, on the rate of cooling of 
wafer, mercury, alcohol, naphtha, oil of turpentine, and linseed oil, he 
might have deduced the difference i a the specific heats of bodies. But 
this idea does not seem to have occurred to him. 
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Dr Martine, of St Andrews, in an Essay on the Heating Sect, iv. 
and Cooling of Bodies , published in 1739, showed that the Kxperu 
Newtonian law is not strictly accurate even at pretty low Martine! 
temperatures ; and that if it were so, bodies would take an 
infinite time to cool down to the temperature of the surround- 
ing medium. He endeavoured, both from a number of expe- 
riments made by Muschenbroek, and by some of his own, to 
show that the decrements of heat were partly equable and 
partly in proportion to the subsisting heats. But the bodies 
experimented on were never raised to a higher temperature 
than 1 12° — a point too low to enable him to deduce the true 
law of cooling. Yet Dr Martine had the merit of first point- 
ing out the inaccuracy of the Newtonian law. 

Erxleben demonstrated, by decisive experiments, in a disser- Of Erxie- 
tation published in the eighth volume of the Nova Contmen- 
taria of the Gottingen Society, that the deviation of the 
Newtonian law from the truth’ increases rapidly as the tem- 
perature increases, and that we should fall into very great 
errors if we extended the law much beyond the temperatures 
at which it has been verified. 

M. De Laroche, of Geneva, in a paper on some properties of Dda- 
of radiant heat, published in 1812,* pointed out the same devi- roohe ‘ 
ation ; though he tiftes not seem to have been aware of the 
previous experiments of Erxleben. From his experiments it 
would appear, that the Newtonian law holds tolerably near 
at temperatures below 212°, but the error increases as the 
temperature augments, and at last becomes very great. 

The prize dissertation of Dulong and Petit on the measure of Duiong 
of temperature, and .the laws of the communication of heat, * 
published in 1818, contains an elaborate investigation of the 
law of cooling. From their experiments, it is sufficiently 
obtious, that at temperatures above 212 s , the rate of cooling 
deviates enormously from the Newtonian law. The exhibi- 
tion of a single set of their experiments Will be sufficient to 
demonstrate this. The following table exhibits the r&tti of 
cooling of a mercurial thermometer in a vacuum : the fifst 


Annals of Philosophy, li. 100. 
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column represents the temperature according to the centi- 
grade scale ; the second column gives the degrees of heat lost 
per minute at the corresponding temperatures, supposing the 
rate of cooling for a minute to be equable : — 


240° 

. 





10°-69 

220 






8-81 

200 






7-40 

180 






6-10 

160 






4-89 

W40 






3-88 

120 






3-02 

100 






2-30 

80 






1-74 


Were the Newtonian law accurate, the velocity of cooling 
at 200° ought to be twice that of 100°: we see from the 
table that it is more than thrice. The velocity of cooling at 
240° ought to be thrice that at 80° : we see from the table 
that it is more than six times as great.* 

I shall now endeavour to state the principal facts respecting 
the cooling of bodies. For our knowledge of them we are* 
almost entirely indebted to the dissertation of Dulong and 
Petit, which has been just referred to. 

(1 .) When a body cools in a vacuum, fte heat which it loses 

is owing entirely to radiation. When it codfcin any kind of 
air, the* process goes on more rapidly, because the quantity of 
h£at radiated is the same as in vacuo, wfflle an additional * 
quantity of heat is .conducted away by the air or gas. 

(2.) The rate of cooling of a liquid confined in a vessel, is 
not altered by the size nor by the shape of that vessel. 

(3.) The velocity of cooling of a thermometer in vacuo, 
for a constant excess of temperature, increase in a geome- 
trical progression, when the temperature of Um J Grounding 
medium increases in an arithmetical progre$si6n. , The ratio 
of this geometrical progression is the same, whatever be the 
excess of temperature considered. The* truth c$this law will 
be^evident from the following table 


Annals of xiii. 242. 
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Sect. IV. 


If we compare the five last columns of this table with each 
other, we shall find that the mean ratio is 1*161. 

In general, this geometrical progression requires to be dimi- 
nished by a constant quantity, in consequence of the heat 
radiated back to the hot body from the walls of the vessel in 
which it is cooling. 

(4.) When a body cools in vacuo, the time of cooling is 
materially influenced by the nature of the surface of the hot 
body ; those bodies cooling soonest which radiate best. But 
this difference does not affect the law of cooling in vacuo. 

(5.) When a body cools in any gas, the same portion of its CommunU 

heat is carried off by radiation that would be dissipated if it heat dc°- J 
were cooling in a vacuum. Another portion is conducted off the extent 
by the gas. This last portion is not affected by the nature of Jouchfng? 
the surface of the hot body. It depends upon the conducting 
power of the different gases. 

4. The celerity with which heat is communicated from 
hotter bodies to colder ones, when all other things are equal, 
is proportional to the extent of contact and closeness of com- 
munication between the bodies. 

Every person is disposed to admit this law from general 
experience. It is obvious enough, that if we have two cubes 
and two spheres of iron, if we heat one of each sort and lay it 
on the other, the heat would be communicated much faster 
from the hot cube to the cold one, than from the hot sphere 
to the cold one. 

When the masses which we compare are of the same shape, 
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Chap. I. but differ only in size, the smaller will cool in a shorter time 
than the larger. Suppose two cubes of gold, the one 1 inch 
in diameter, and the other 2. The smaller cube^will cool 
sooner than the larger, if both be placed in the same circum- 
stances ; because the surface of the larger cube is only four 
times greater than that of the smaller, while the quantity of 
matter in it is eight times greater. 

This general principle enables us to see why heat passes 
very slowly through those bodies which have a rough and 
spongy texture. Wood transmits heat more slowly than metal 
on this account. ‘ Cork still more slowly than wood. Wool, 
feathers, or furs, exceed even cork in the slowness with which 
heat passes through them. It is indeed true that the inter- 
stices of these bodies are t filled with air ; but as this fluid is 
in a state of stagnation, and the particles at some distance 
from each other, it gives little assistance, or rather offers a 
strong resistance to the transmission of heat. This is the 
reason why such materials are so effectual in keeping our 
bodies warm in cold weather. They may be equally emjj|qred 
to prevent heat from entering into bodies. If we wish to*pre- 
vent a lump of ice from melting in a warm place, we cannot 
do better than wrap it in plenty of flannel* or furs, or the like 
materials, which produce the wished-for effect, by retarding 
the communication of heat to the ice from the air and the* 


other bodies in the neighbourhood. 

Fluids This retardation of the communication of heat does not 
Heat more take place in fluids equally as solids. Fluids receive heat, 
than solids. a &d transmit it generally more rapidly than solids. Of this 
we have an obvious example in the air ; which, though very 
rare and light, cools bodies exposed to it very last. When a 
hot body is plunged into water, it cools much sooner than it 
would do if plunged into amass of sand or iron filings. This 
difference is owing to the easy mobility of the particles of 
And *by. fluids. When any portion of a fluid receives heat, it becomes 
specifically lighter, and of course ascends ; another portion of 
cold fluid supplies its plqoe, Is heated in its turn, becomes 
dilated and ascends ; and this renewal of cold particles will con- 
tinue till the temperatur£Of the hot body is sufficiently reduced. 
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This ascending ipotion of air, when a lump of red hot iron Sect, iv. 
is suspended in a room to cool, becomes evident when we hold Air be . 
our handf perpendicularly over the iron at some distance above 
it. Heat, by rarefying air, and thereby producing a motion ascend, 
in it, is more quickly and equably dispersed through it, than 
through solid matter. Were air destitute of this property, 
that portion of it nearest the surface of the earth would soon 
become unfit for breathing, and would prove destructive to 
all the inhabitants of our planet. It is the mobility and ex- 
pansibility of air that preserves it in a state fit for living 
beings. 

But there is a circumstance which at first sight seems in- 
consistent with this property of air, and which therefore 
requires to*be explained ; I allude; to the unequal distribution 
of temperature in the atmosphere. The part of the atmo- 
sphere contiguous to the surface of the earth is known to be 
hottest. As we ascend to a more elevated region, the air gets Line of per- 
colder and colder ; till at a certain height above the level of gelation, 
the sea, even in the torrid zone, we come to the region of 
perpetual congelation. The summits of the Andes, .some of 
which are elevated more than 21,000 feet above the level of the 
sea, are perpetually covered with snow, even under the equa- 
tor. The Himalaya mountains are higher, and lie to the north 
of the tropic of Cancer ; we need not be surprised, therefore, 
that their summits are covered with eternal snow. As we 
advance from jhe equator towards the poles, the line of per- 
petual snow, which at the equator is elevated 14,760 feet 


above the level of the sea, gradually approaches nearer the 
earth, till in latitude 70° it is only 2,834 feet above the level 
of the sea. The following diagram will give a better idea of 
the rate at which this height declines than could be obtained 
b^the most elaborate description : — 
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The surface of the earth, instead of a quadrant of a circle, S ect, iv. 
which is nearly its true form, is represented as a straight line 
on which the degrees of latitude are marked, beginning at the 
line and proceeding to N. latitude 71°*5 on the North Cape. 

The perpendicular height above the surface of the earth, repre- 
senting the limit of perpetual congelation, is exaggerated about 
1000 times. 

From inspecting this diagram, it will be evident that the 
snow line, though connected with the latitude, is not abso- 
lutely regulated by it. Thus, in the Caucasus, in about lati- 
tude 42° £ N., the snow line is situated about 1 1,084 feet above 
the level of the sea ; while in the Pyrenees, under the same 
latitude, it is only 8400 feet. In the Alps, it is 8220 feet 
above the level of the sea ; while in the Carpathian, though 
situated a little farther north, it is 8526 feet or 326 feet higher. 

In Norway, in latitude 67°, it is 3835 feet above the level of 
the sea; while in Iceland, in latitude 66°, it is only 3084. 

These apparent anomalies are easily accounted for. Where- 
ever an extensive table-land occurs, its effect becomes mani- 
fest upon the atmosphere, and elevates the line of congelation 
considerably. Thus Mexico constitutes a table-land, elevated 
about 8000 feet above the level of the sea : the consequence 
is, that the snow line is only 660 feet lower than under the 
equator. This is the reason why the snow line is so high in 
the Himalaya mountains. 

Wherever extensive glaciers are formed, they have a tend- 
ency to sink the temperature of the country, and by gradually 
creeping lower down, they depress the line of congelation in 
that place : hence the reason why the line of congelation is 
lower in the Alps than the Carpathians. In the Doffrines, 
there are glaciers in one place only : hence the reason why 
the line of congelation is higher in Norway than in Iceland. 

Various methods of calculating the height of the line of con- 
gelation have been proposed by ingenious philosophers of our 
own time ; but it is obvious that no general rule can apply to 
all cases. * • 

Now, if air, the moment it is expanded by heat, begins to 
ascend to a higher part of the atmosphere, and if it continue increases 

with its vo- 
lume. 
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Chap. i. tc^rise till it come to air of tlie same density with itself, how 
jure we to account for this regular diminution of heat, as we 
ascend ? It would appear at first sight, that the higher parts 
of the atmosphere ought to be as hot, if not hotter, than those 
portions near the surface of the earth. The reason why this 
is not the case, is that the specific heat of air increases in pro- 
portion as its volume increases. But it is well known, that 
the higher from the surface of the earth any portion of the air 
is, the greater is its volume ; for the volume of air is always 
inversely as the pressure upon it. At the surface of the sea, 
the incumbent air is* pressed upon by the whole atmosphere 
above it. As we ascend, the air is pressed upon by all the 
portion of atmosphere above it, while the portion below ceases 
to have any action. on it. The density of air continually de- 
creases as we ascend in the atmosphere, and of course its bulk 
continually augments. The rate at which this augmentation of 
volume takes place will be obvious from the following table: — * 


Height in miles 

Above the sea. 

Air. 

Density. 

Volume. 

Height of Barometer. 

0 

1 

1 

30 inches. 

2-705 

* £ 

2 

J5 

5-41 

i 

4 

>? 7 ’ 5 

3-75 

8-115 

• fir 

8 

10-82 

• iV 

16 

1*875 

13-525 

• V2 

32 ft 

0-9375 

16-23 


64 

0-46875 


We see that when the height increases in an arithmetical t 
ratio, the volume increases in a geometrical ratio. t 

Now, it has been experimentally ascertained, that as thd: 
volume of air increases, its specific heat augments in the samd 
proportion. If a receiver, standing over the plate of atf air£ 
pump, and having a thermometer suspended in it, be exhausted, 
the thermometer suddenly sinks a few degrees, and then 
gradually rises again, till it acquires the temperature of the 
room in which the air-pump stands. When the air is agair^ 
let into the receiver, the thermometer as suddenly rises a few* 

1 ■ S 

* When the barometer (at 32°) falls 0*001 inch, it indicates an elevation 
of O' 954 feet ; so that the elevation of 1 foot causes the barometer to fall 
(at 82°) 0*00105 inch, according to the experiment of General Roy. 
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degrees, and then subsides again. Mr Dalton concluded Sect, tv. 
from his observations, that the true elevation of the thermo- 
meter, when air is admitted into an exhausted receiver, is 50°. 

But as he does not inform us how far the exhaustion was 
carried in his experiment, we can draw no conclusions from 
his ingenious deductions. Professor Leslie, of Edinburgh, 
made a very ingenious set of experiments on this subject, 
which it will be proper to state. 

He employed an excellent air-pump, and a glass receiver Heat evoiy- 
of the very largest dimensions, and approaohing somewhat to » con- 
the spherical form. A very delicate thermometer was sus- den8ed * 
pended vertically a few inches above the plate of the air-pump. 

Qne-fifth of the air of the receive? was exhausted, and the 
apparatus left at liberty, till the .enclosed thermometer had 
acquired the temperature of the room. The stop-cock was 
then suddenly opened, and the air allowed to return into the 
receiver. The thermometer rose very rapidly three centesimal 
degrees, from which point it afterwards slowly ‘descended. 
Two-fifths of the air were then exhausted, and the experiment 
repeated. In like manner the rise of the thermometer was 
observed when three-fifths of the air, four-fifths, and |g|dths 
were exhausted and allowed to return suddenly into the re- 
ceiver. The following table shows the results 

Air withdrawn and 
then let in. 

• i 

# 

f 

* 

C99 

Too 

Before any conclusion cpuld be drawn from these experi- 
ments, it was. accessary to know what, part of tbe beat was 
consumed on the sides of the receiver. To be able to form 
some idea of this, the experiments were repeated with another 
receiver of the same; shape as the former, but of only half the 
size. The following table exhibits the results 


Rise of the thermometer. 

3° centigrade 
5*3 
1 
8 

8-3 
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Rarefaction. 

i 

$ 

* 

# 

#8* 


Rise of therm. 
1°*8 centigrade 
3*2 
4-2 
4-8 
5 


These new quantities obviously follow the same progression as 
the former. They are in fact each f ths of the former numbers. 
Now, the smaller receiver having under the fourth part of the 
surface of the larger only the eighth part of its contents, ex- 
poses comparatively twice the extent of surface : hence the 
rise of temperature which takes place in its included air must 
be the same as would have happened, if, while its capacity re- 
mained the same, the surface of the first receiver had been 
exactly doubled. 

Mr Leslie very ingeniously supposes that the air holds one 
part of the heat, while two parts and four parts are respec- 
tively expended on the inside of the receivers. If we admit 
this conjecture, the results correspond accurately with obser- 
vation ; for the air in the large receiver would retain one- 
third, and in the small one-fifth of the whole heat evolved, and 
the rise of temperature in the two sets of experiments would 
be as 5 to 3, as was actually the case. If we multiply the rise 
of the first thermometer by 3, we obtain the true quantity of 
heat evolved, as in the following table : — 


Rarefaction. 

i 

Q 
S 
3 
Z 

£ 

m 

But these numbers cannot indicate the heat evolved by re- 
storing the usual density to the whole air in the receiver. In 
the first experiment, only £ths of the air in the receiver were 
restored to the usual density ; for the jth admitted had al- 
ready the density of the external air. In the secoitd experi- 
ment, f ths of the air were restored to their usual density j in 
the third fths, in the fourth }.th, and in the fifth 7 ^dth. To 
obtain the true numbers we must add f, f, and' SSI suc- 


Ribe of therm. 

9° centigrade 
16 
21 

24 

25 
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cessively to each number. We obtain the true heat evolved Sect- iv. 
as follows : — 

Rarefaction. Rise of therm. 

. . 1 1°-25 centigrade 

f . . 26-6 

| . . 52-5 

t • • 120 

m • • 7500 

Thus according to the experiments and hypothesis of Leslie, 
when air of the following densities is restored to its original 
density represented by 1, the heat evolved is as follows : — 

Density of the air. Heat evolved. 

1* . 0° Fahrenheit 

0*8 . . 20-6?5 * 

0*6 . . 48- 

0-4 . . 94-5 

0-2 . . 216 

0-0003 . . 13500 

Now, this evolution of heat is obviously owing entirely to 
a diminution of the specific heat of the air by condensation. 

It is obvious that there must be a corresponding increase of 
specific heat from rarefaction. 

Let 0 denote the density of the air, then 45 ^ will de- 

note the heat evolved, when the density is reduced to unity ; * 

* It will be proper to explain how this formula was obtained by Mr 
Leslie. 

Let A F be a portion of a para- 
bola, having B F for its axis, and 
A B for on ordinate ; and let A B 
= B F. Divide the ordinate A B 
into five equal parts, representing 
the five equal divisions of the mer- 
curial column corresponding to the 
different densities of the air repre- 
sented in the first column of the 
table given in page 109. From 
"each of these divisions, raise per- 
pendiculars CD, parallel to BF, 
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if the air be condensed, then 45 ^ will denote the 

cold evolved, when the air is rarefied to 1. Let it) 1 be re- 
quired to determine by this formula, how much heat is evolved 


and meeting the curve. Then, if B C be the density of the remaining air, 
the rise of temperature is exhibited by C D. For* from the nature of the 
curve, (2 A B— -A C) A C = C D X P, (the parameter, which is equal 
to B F). But A B was made = 5, and B F = 5°, the ultimate rise* of 

the thermometer. Whence C D = S'). — t When the den- 

o 

sity is f, AC = 3, and C D becomes 4*2, as in the table (page 109). 
The conformity of the numbers in the table, with the abscisses of the para- 
bola, is therefore evident. 

It was remarked in the text, that the two tables exhibited in j^ges 109 
and 110 are to each other as 5 to 3. In these two sets of experiments, 
the different sizes of the receivers only affect the experimental results by 
the different ratios between their surfaces and contents ; since in other re- 
spects, as the proportion is the same, the temperature must be unaffected, 
the quantity of air and the heat developed being always in the same pro- 
portion. Let then x = number of additional degrees, to which the heat 
absorbed *by*the large glass would raise the temperature of tH^hir, sup- 
posing the corresponding quantity of developed heat actually jfeceived by 
the air == 1. Then the temperature to which the included airnrould have 
risen, had the glass not affected it, is to the actual rise as 1 4* x : 1. 

Again, since in the glass with the smallest diameter, the relative effect 
of it is twice as great as that of the glass with the large diameter ; hence, 
in it, if the air absorb 1, the glass will absorb 2 a: of heat. So that the 
total heat will be to the actual rise, as 1 + 2 x : 1. But in the two sets of 
experiments, the actual rise of the thermometer is as 3 : 6 ; 3, being the 
rise in the smaller, and 5, in the large receiver. Therefore, 3 (1 + 2 ar) 
=s heat actually evolved in the small receiver, and 5 (1 + x) = heat ac- 
tually evolved in the large ; supposing the receivers not to have absorbed 
any. But the circumstances of the two experiments being absolutely the 
same, these two quantities must be equal. We have therefore 3 (l + 2 x) 
= 5 (1 + x) ; or x = 2. Hence the whole heat evolved in the small 
receiver, was five times the rise of the thermometer ; and in the large, 
thrice that of the rise of the thermometer ; or the true rise is indicated by 
the following table : — 


i 

* 

I 

i 

Extreme 


9o centigrade 
16 
21 

24 , 

2d 
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when the density of air is doubled. Here 0 = 2. The for- 
mula becomes 45 (2 — £) or 45 X 1*5=67 0, 5 Fahrenheit. 
Required the heat evolved, when, air is condensed 30 times. 
Here i = 30, we have 45 (30 — &) = 45 X 29*966 = 1348°-5. 

Let us apply this formula to the diminution of heat as we 
ascend in the atmosphere. In an observation by Lasius, the 
barometer at Goslar stood at 29*5 inches, and at the top of 


Let A G be part of a parabola 
as before, G B the absciss, and A B j \ 
the ordinate. Divide A B into j 
any number of equal p:\rts, then if j 
A B be the density qf the air, and j 
B 4, B 3, &c. any other densities, j 
then E 4, F 3, \vill represent the 
corresponding thcrmometrical rises 
as formerly explained. But it must 
be observed, that these rises are 
the heats actually evolved, only 
when the air is suffered to regain 
its usual density. And as the ca- 
pacity bf air for heat is inversely 
as its density, these results must be 
increased in the ratio of B 4, B 3, &c. to B A to give the true heats cor- 



responding to these densities ; or the heats belonging to thq densities B 4, 
B 3, &c. are respectively as A C, A D, &c. Now, by the nature of the 
parabola, A 4 (A B + B 4) or A B' 2 — B 4 2 = P + E 4 : or E 4 a (i. e. 


V 1 

varies as) A B 2 — B 4*. But B 4 : B A : : E 4 : A C ; or A C oc * ; 
so, A C a Now, if A B = 1, and B 4 = x, then A C 


a 


1 — X2 



, or A C 



y where y is a constant co-effi- 


cient to be determined by experiment. Let us assume any of the densities 

given in the above table, as *|, the corresponding increment is 16, which, 

to give the true increment, is to be increased in the ratio of § : 1 or 3 : 5, 

16 X 5 80 3 

or it is — - — =-^-. Now, in the formula, x is whence it becomes 

y ==^ or ■■ j| y = 80. Hence, y = 25. Wherefore, the 

decrement of temperature, at any density, x is 25° the density of 

* common air being 1 . In the text, I have substituted 45 for 25, in order 
to adapt the formula to Fahrenheit's scale. 

I 
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the Brocken, at 26*444 inches : required from this the dif- 
ference of temperature. If we reckon the density of air at 
Goslar 1, to find its density at the top of the Brocken, we 
say 29*5 : 26*444 : : 1 : 0*896 = density of air at the top 
of the Brocken. By substitution, the formula becomes 45 
(1*116 — 0*896) = 45 X 0*22 = 9°*9 equal to the difference 
between the air at Goslar and at the top of the Brocken. 
Lasius found the difference 9°*4, which differs only by half a 
degree from that given by the formula. 

This formula, however, though it furnishes a valuable ap- 
proximation, is not quite correct ; for if we calculate from it 
what the mean temperature ought to b$ on the summit of Ben- 
Nevis, we obtain about* 32°.* Yet we know that the summit 
of that mountain is below the level of perpetual congelation, 
which in Scotland is elevated to the height of about 6500 feet, 
exceeding that of any mountain in Great Britain. 

It is obvious from the details here entered into, that the 
temperature of the air must diminish in proportion as its 
height increases above the level of the sea ; because its density 
diminishes, and consequently its specific heat increases exactly 
in that ratio. But the same weight of air, at all elevation**, 
above any place, contains exactly the same quantity of heat. 
So that if a quantity of air were suddenly transported frofn 
an elevated region to the level of the sea, its density would he 
continually increasing during its descent, while its specific 
heat would diminish in the same proportion, 'fifcd when it 
reached the level of the sea, its temperature ih Consequence 
would be just as high as that of other portuftts of air io the 
same latitude and elevation. Air, therefore* does not feelcold 

* This calculation is made on the supposition that the nunn annua) tern- 
perature at Fort- William is 47°. It lies abotft 53 minutes farther north 
than Glasgow. Now, the mean temperature at Glasgow is vefry nearly 
47o*75 ; while the mean temperature of London is nearly 50°. The differ- 
ence between these two temperatures is 2°^, wfcj&fhe difference ^between 
the latitudes is very nearly 4 degrees. From this it would appear, that 
in Great Britain, every additional degree latitude diminishes the tem- 
perature about 0*55 6f a degree of Fahrenheit. It is obvious from this, 
that the mean heat at Fort- William is not under 47°. It should be 47°*3; 

which would make the mean heat at the summit of Ben- Nevis 32°*4. 
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in consequence of falling from an elevated situation ; though **** v * 
this be an opinion commonly entertained ; but in consequence 
of its being suddenly transported from a more northerly to a 
more southerly situation. Thus, the unequal distribution of 
temperature in the atmosphere, when properly understood, 
constitutes no objection to the mobility and ascent of air, when 
its temperature is increased. 

SECTION V. — OF THE RADIATION, TRANSMISSION, AND 
POLARIZATION OF HEAT. 

The radiation of heat having been first investigated by 
means of the thermometer, and the transmission and polariza- 
tion of heat taking place when it passes in rays, the subject 
naturally claims a place in this chapter. 

The first rude attempt to examine radiation was made by E *P « r »- 

1 * ments or 

Mariotte. In the year 1682, he mentioned, at a meeting of Mariotte. 
the French academy of sciences, that the heat of a fire re- 
flected by a burning mirror is sensible in its focus ; but when 
a pane t>f glass is interposed between the mirror and its focus, 
the heat is no longer sensible.* Lambert, the celebrated Of Lam- 
German mathematician, was one of the first persons who re- 
peated and varied this experiment. He placed burning char- 
coal in the focus of a mirror, while another mirror was standing 
parallel to it, at the distance of 24 feet. A combustible body 
placed in the focus of this last mirror was kindled. Yet when 
the light of a clear burning fire was collected in the focus of 
a large lens, the heat evolved was scarce sensible to the hand. 

Scheele, in his Treatise on Air and Fire, published in 1777, OfSchede. 
made many important and new observations on the radiation 
of heat. He observed that the radiant heat from the fire 
passes through the air without heating that fluid, and that no 
aerial currents, however, strong, have any tendency to inter- 
cept it. If we interpose a pane of glass between the fire and 
our face* the light passes through the glass with but little dimi- 
nution ; but the whole of the heat is intercepted. A glass 
mirror reflects the light of a fire, but not its heat , which it ab- 

* Mem. Paris, i. 344. 
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sorbs and retains, while a polished metallic mirror reflects 
both the light and the *h eat. The glass, when placed, before 
the fire, soon becomes hot, but a polished metal may be held 
a long time in that position without becoming sensibly warm. 
But if we blacken its surface by holding it oyer a burning 
candle, it cannot be kept four minutes in the hand opposite the 
fire without acquiring so much heat as to excite pain.* 

These experiments of Scheele were repeated and varied by 
Saussure, Pictet, and King, between the years 1785 and 1790 ; 
they were the first to introduce specula of tin, which consi- 
derably facilitated the future investigation of the subject. 

In the year 1800, an elaborate paper on the heat of the 
solar rays, was published in the .Philosophical Transactions, 
by Sir William Herschell. fie had been occupied in making 
telescopic observations on the sun, and employed coloured 
glasses to' enable him to look at that luminary ; but found 
that when they were dark enough to exclude the excess of 
light, they soon became so hot as to crack and break in pieces. 
This led him to investigate the heating powers of the different 
coloured rays of the solar spectrum. 

It is well known that when a solar ray is made to pass through 
a triangular prism of glass, and received upon a white plane 
at some considerable distance, instead of a round image of the 
sun, it forms an oblong spectrum consisting of seven different 
coloured rays; namely, red, orange , yellow $ green, blue , indigo , 
and violet, of which the red is the least and the violet the most 
refracted, and the refrangibility of the others is in the order 
of their names. He found (as had been done before him) 
that the violet ray possesses the least heating power, and that 
the heating power of the spectrum increases from the violet 
end to the red extremity of the spectrum. The following 
little table shows the rise of the thermometer in the violet ray, 
the green r$y, and the red ray : — 

Violet . l6° 

Green • 22*4 ' 

Red « 55 

# Scheele on Air and Fire, p. 66. English Transl. 
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Herschell had previously examined the illuminating power Sect v. 
of the different coloured rays of the spectrum, and he found 
that the greatest illuminating power resided in the middle of 
the spectrum, that part of it in which the yellow and the green 
pass into each other. The violet ray has the least illuminating Their niu- 
power ; that of the red ray is greater, though much less than 
the yellow-green. The illuminating powers of these three rays 
he found as follows : — 

Violet . . 1 

Red . . 2 

Yellow-green . 4 

This remarkable difference between the law which the rays 
of the solar spectrum follow in illuminating and heating bodies, 
led Herschell to suspect that in all probability the heating 
power does not terminate with the visible spectrum, but • 
extends to some distance beyond it. Upon placing the 
thermometer below the limit of the solar spectrum, he found 
that it still continued to rise. The maximum point of eleva- 
tion lay between l and \ inch beyond the red ray, the spectrum 
being received on a board 52 inches distant from the prism. 

The heating power still continued sensible at the distance of 
1£ inch from the extremities of the red ray. * 

These experiments were repeated soon after by Mr Leslie, 
who employed for the purpose liis differential thermometer. LcS 
He found the greatest heat in the red ray, and no effect what- 
ever beyond the visible spectrum. This induced him to call 
in question the accuracy of Herscheirs observations, and to re- 
fuse his assent to them.* Landriani had already announced 
that the greatest heat of the prismatic spectrum was in the 
yellow ray ;t and Rochon had found the point of greatest heat 
situated between the yellow and the red ray ;t but the obser- 
vations of these philosophers do not seem to havo been known 
either to Herschell or Leslie. 

Sir Henry Englefield repeated Herscheirs experiments soon OfEngi*- 

* Nicholson’s 4to Journal, iv. 244. 

f Volta ; lettere sull’aria inflamabile.nativa della paludi ; 1777, p> 136. 

t Rccueil de Mcmoires, sur la Mecanique et la Physique, 1785, p. 348. 
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% Chap. i. after the appearance of Leslie’s paper. His results agreed 
with those of Herschell. He found the greatest heat beyond 
the limit of the red ray. # 

Of Berard. They were repeated again, in 1813, by M. Berard, in Ber- 

thollet’s laboratory, by means of an apparatus furnished at the 
expense of that eminent chemical philosopher. He employed 
a heliostade, by means of which the prismatic spectrum was 
rendered stationary. He found the heating power of the violet 
*ray least, and it gradually augmented as the thermometer passed 
towards the red extremity of the spectrum. But the heating > 
power did not terminate with the red ray ; it was sensible half 
an inch beyond it, though at that distance it was diminished 
to one-fifth.f ** ' 

These different experiments and observations appeardd's6 
contradictory, and so inconsistent with each other, that che- 
mists were at a loss what conclusions’ to draw. The* subject 
was partially elucidated by Wunch,J and still more cdmpletcly 
Expert- by Seebeck,§ whose experiments appear to have been con- 
Seebeckf tinued for at least ten years. Seebeck found, as all preceding 
observers had done, that the thermometer was elevated when 
placed in any one of the coloured rays of the solar spectrum. 
But the position of the point of greatest intensity depends 
upon the nature of the prism by which thelse rays artf refracted. 

When a hollow glass prism filled with water oil of tur- 
pentine , or alcohol , is employed, the point where the intensity 
of the heat is the greatest is situated in the yellow ray. 

When the .prism is filled with a solution of corrosive subli- 
mate, and sal ammoniac, (recommended by Blair in his paper 
on the achromatic telescope,) or with sulphuric acid, the 
greatest heat is in the orange ray. 

When the prism is of crown glass or common white glass 9 
the greatest heat is in the red ray. 

When flint-glass prisms are used, the heat is greatest with- 

* Royal Institution Joum. 1802, p. 202. 

f Ann. de Chim. lxxxv. 309. 

t Magazin der Gesellsch. naturf. Jfreund. in Berlin, 1807. 

§ Achandl. der Konigt, Abftd., IVisgenschaften, in Berlin, 18J8-19, 
p. 305. 
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out the spectrum at some distance beyond the red ray* When Sect. v. 
Bohemian flint-glass prisms were employed, the greatest heat 
was still beyond the red ray ; but nearer than when English 
flint-glass prisms were employed. 

These facts being known and understood, it is easy to ac- 
count for the different results obtained by different experi- 
menters. They depended obviously upon the kind of prism 
employed by each. 

Thus it is established that heating rays are found in every 
part of the coloured spectrum ; but they are accumulated in 
greatest abundance, at the least refracted end. When a flint 
glass prism is used, they are accumulated in greatest abun- 
dance beyond the red ray, and quite beyond the visible spec- 
trum. Since the heating and illuminating rays may be thus 
separated, we have no evidence that they are the same. They 
seem rather to consist of two distinct kinds of rays, one of 
which illuminates, and the other heats objects. 

Besides these two species of rays, the solar spectrum ap- Chemical 
pears to contain a third species of ray, which has been distin- refrangible, 
guished by the name of chemical ray , because it produces chemi- 
cal changes on bodies. If a piece of chalk be immersed in a so- 
lution of nitrate of silver , and then exposed to the direct rays 
of the sun, it acquires a dark colour, owing to the deposition 
of a thin pellicle of silver upon its surface.* Chloride of sil- 
ver is almost instantly blackened by exposure to the direct 
rays of the sun. In the same manner oxides-of gold and mer- 
cury are reduced when exposed to the solar ray. Scheele, and 
after him Senebier, found that these changes are not produced 
by the red ray, nor by the rays near the least refrangible end 
of the spectrum. A feeble effect is produced by the green 
ray ; but the greatest and most rapid alteration is produced 
when the oxides jyr chlorides are exposed to the violet or most 
refrangible ray. 

When plants grow in the dark, they are said to be etiolated , , 
and their colour is white. When such a plant is exposed to 

* Mr Scanlan has shown, that nitrate of silver is not blackened by ex- 
posure to light, unless it is mixed with some organic matter. Thus it 
becomes black if allowed to touch paper. 



HEAT. 


120 


Chap. I. 


Solar spec- 
trum con- 
tains three 
kinds of 
rays. 


Heat ra- 
diates from 
surfaces. 


sunshine, it speedily begins to assume a grlbn colour. Now, 
in this case also, the least refrangible rays have but little or 
no effect ; but the change takes place rapidly, when the plant 
is placed in the violet ray . Berard found that when the least 
refrangible half of the solar spectrum is collected into a focus 
by a convex glass, it forms an exceedingly brilliant and colour- 
less light, in which chloride of silver may be kept without 
undergoing any alteration in colour. But when it is put into 
the focus formed by concentrating the most refrangible half 
of the spectrum, though this focus is much less brilliant, it 
blackens in a few minutes. Dr Wollaston found that chloride 
of silver blackened still more speedily, than it did in the violet 
ray, when placed entirely above the visible spectrum at some 
distance from the limit of the violet ray. The same result 
was obtained nearly about the same tltne, by Messrs Better 
and Bockmann, in Germany. Thus it appears that the che- 
mical rays are still more refrangible than the illuminating rays, 
and that they extend beyond them.* 

The solar spectrum, then, consists of at least three distinct* 
species of rays ; namely, illuminating rays , constituting the 
visible spectrum ; heating rays 9 less refrangible than the visible 
rays, and varying in the place of their greatest intensity ac- 
cording to the nature of the prism through which they are 
made to pass ; and chemical rays> more refrangible than the 
others, and having the*place of their greatest intensity beyond 
the uppermost limit of the visible spectrum. These three 
kinds of ray§ move in straight lines from the sun. We know 
not whether they all possess the same velocity ; though there 
is no proof whatever of any difference in this respect. 

Rays of heat are capable of radiating from the surface of 
hot bodies, precisely as rays of light do from luminous bodies. 
The most important facts respecting the ^fferences between 
bodies as radiators of heat, were ascertained by Mr Leslie, of 
Edinburgh, and made known by the publication of his Treatise 

* 'Seebeck observed that chloride of silver when put into the red ray, 
acquires a pale rose colour. This is occasioned by the heat, and the effect 
accoidmgly is gieatest in the hottest part of the spcctiuin. 
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on Heat, in 1804? It will be proper to give a view of the Sect, v . 
most ^ important facts discovered by this vpry ingenious expe- 
rimenter. 

1. Mr Leslie filled with hot water a thin globe of bright Effect of 
tin, four inches in diameter, having a narrow neck, and placed woiulg. 0 " 
it on a slender frame in a warm room without a fire. The 
thermometer inserted in this globe sunk half-way from the 
original temperature of the water to that of the room in 156 
minutes. The same experiment was repeated, but the outside 

of the globe was now covered with a thin coat of lamp black. 

The time elapsed in cooling to the same temperature as in the 
last case was now only 81 minutes.* Here the rate of cool- 
ing was nearly doubled ; yet the only difference was the thin 
covering of lamp black. Nothing can afford a more striking 
proof than this of the effect of the surface of the hot body on 
the rate of its cooling. 

Count Rumford took two thin cylindrical brass vessels of 
the same size and shape, filled them both with hot water of 
the same temperature, and clothed the one with a covering of 
Irish linen, but left the other naked. The naked vessel cooled 
ten degrees in 55 minutes, but the one covered with linen 
cooled ten degrees in 36£ minutes-t In this experiment, the 
linen produced a similar effect with the lamp black in the pre- 
ceding. Instead of retarding the escape of heat, as might have 
been expected, it produced the contrary effect. The same 
acceleration took place when the cylinder was coated with a 
thin covering of glue, of black or white paint, or, when it was 
smoked with a candle. 

2. The variation in the rate of cooling occasioned by coat- Greatest in 

° J * still air. 

ing the hot vessel with different substances is greatest when 
the air of the room in which the experiments are made is per- 
fectly still.* a The (^ference diminishes when the atmosphere 
is agitated, and in very strong winds it disappears almost en- 
tirely. Thus two globes of tin, one bright, the other covered 
with lamp black, being filled with hot water, and exposed to 


* Leslie's, Inquiry into the Nature of Heat, p. 268 . 
f Nicholson’s Jour. ix. GO, 
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winds of various degrees of violence, were ffinnd by Mr Leslie 
to lose half their heat in the following times : — * 

' Clean Globe. Blackened Globe 

In a gentle gale . 44' 35' 

In a pretty strong breeze 23 20J 

In a vehement wind 9*5 9 

This is sufficient to convince us, that the effect of the lamp 
black in accelerating cooling cannot be owing to any power 
which it has of conducting heat, and communicating it to the 
air, but to the property which it has of radiating heat (to use 
the common expression) in a greater degree than clear metallic 
bodies.f That this is in reality the case is easily shown. 

3. When a canister of tin, of a cubic shape and considerable 
size, filled with hot water, i$ placed at the distance of a foot or 
two from a concave mirror of bright polished brass, having a 
delicate thermometer in the focus, the thermometer experiences 
a certain elevation. If the canister be coated with lamp 
black, the thermometer rises much higher than when the metal 
is left bright. Here we perceive that more heat radiates from 
the lamp black than the clear metal ; since the elevation of the 
thermometer is in some degree the measure of the radiation- 
A common thermometer does not answer well in similar expe- 
riments, because it is affected by every change of temperature 
in the room in which the experiments are t j#ade. But Mr 
tiCslifc has invented another, to which we are indebted for all 
the precision that has been introduced into the subject. He 
has distinguished it by the name of the differential thermometer. 
It was employed also by Count Rumford in his researches* 
This thermometer consists of a small glass tube bent into 
the shape of the letter U, and terminating at each extremity 
in a small hollow ball, nearly of the same size ; the tube con- 
tains a little sulphuric acid tinged red wijh carmine, and suf- 
ficient to fill the greatest part of it. The glass balls are full 

* Inqury into the Nature o^Heat, p. 271. 

t Petit and Dulong have slfown by direct experiments, that the quantity 
of heat taken away from hot bodies by gas by conduction is independent of 
the nature of the surface of the' hot body. Sec Annals of Philosophy, 
xiii. 322. 
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of air, and both communicate with the intermediate tube. To 
one of the legs of the tube is affixed a smaU ivory scale, divid- 
ed into 100 degrees; and the sulphuric acid is so disposed, 
that in the graduated leg its upper surface stands opposite to 
the part of the scale marked 0. The glass ball attached to the 
leg of the instrument to which the scale is attached, is, by way 
of distinction, called the focal ball . Suppose this thermometer 
brought into a warm room, the heat will act equally upon both 
balls, and, expanding the included air equally in each, the 
liquor in the tube will remain stationary. But, suppose the 
focal ball exposed to heat while the other ball is not ; in that 
case the air included in the focal ball will expand, while that 
in the other is not affected. It will therefore press more upon 
the liquid in the tube, which will *)f course advance towards 
the cold ball, and therefore the liquid will rise in the tube 
above 0, and the rise will be proportional to the degree of 
heat applied to the focal ball. This thermometer, therefore, 
is peculiarly adapted for ascertaining the degree of heat accu- 
mulated in a particular point, while the surrounding atmo- 
sphere is but little affect jdj- as happens in the focus of a reflect- 
ing mirror. No change in the temperature of the room in 
which the instrument is kept is indicated by it, while the 
slightest alteration in the spot where the focal ball is placed is 
immediately announced by it. 

In making experiments on the radiati&n of heat, Mr Leslie 
employed hollow tin cubes, varying in size from three inches 
to ten, filled with hot water, and placed before a tin reflec- 
tor, having *the differential thermometer in the focus. The 
reflector employed was of the parabolic figure, and about 14 
inches in diameter. This apparatus afforded the means of as- 
certaining the effect of different surfaces in radiating heat. 
It was only necessary to coat the surface of the canister 
with the various substances whose radiating properties were 
to be tried, and expose it, thus coated and filled with hot water, 
before the reflector. The heat radiated in each case would 
be collected into the focus where the focal ball of the differen- 
tial thermometer was placed, and the rise of this instrument 
would indicate the proportional radiation of each surface. 
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These experiments were conducted with much address. The 
following are the principal results obtained: — 

4. When the nature and position of the canister is the same, 
the rise of the differential thermometer is always proportional 
to the difference between the temperature of the hot canister 
and that of the air in the room in which the experiment is 
made.* 

5. When the temperature of the canister is the same, the 
effect upon the differential thermometer diminishes as the dis- 
tance of the canister increases from the reflector, the focal ball 
being always understood to be placed in the focus of the mirror. 
Thus, if the rise of the thermometer, when the canister was 
three feet from the mirror, be denoted by 100, it will amount 
only to 57 when the canister is removed to six feet. On sub- 
stituting a glass mirror for the reflector, and a charcoal fire 
for the canister, when the fire was at the distance of 10 feet 
the thermometer rose 37°, and at the distance of 30 feet it 
rose 21°.t From Mr Leslie’s experiments it follows, that the 
effect on the thermometer is very nearly inversely propor- 
tional to the distance of the canister from the reflector. He 
found likewise that when canisters of different sizes were used, 
heated to, the same point, and placed at such distances that 
they all subtended the same angle at the reflector ; in that 
case the effect of each upon the differential thermometer was 
nearly the same. Thus a canister of 


3 inches at 3 feet distance raised the thermometer . 50? 

4“^— 4 . / 54 

6 6 . . . ... . . 57 

10 10 59 


From these experiments we learn, that the effect of the canister 
upon the thermometer is nearly proportional to the angle which 
it subtends, and likewise that the heat radiated from the can- 
ister suffers no sensible diminution during its passage through 
the air. 

( 6. Heat radiates from the surface of hot bodies in all direc- 
tions; but from Mr Leslie’s experiments we learn, that the 

* Leslie, p. 14. t Ibid. p. 51. 
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radiation is most copious in the direction perpendicular to the Sect. v. 
.surface of the hot body. When the canister is placed in an 
oblique position to the reflector, the effect diminishes, and the 
diminution increases with the obliquity of the canister. Mr 
Leslie has shown, that the effect in all positions is proportional 
to the visual magnitude of the canister as seen from the re- 
flector, or to its orthographic projection. Hence the action of 
the heated surface is proportional to the sine of its inclination 
to the reflector. 

Such are the effects of the temperature, the distance, and 
position of the canister with respect to the reflector. None of 
these, e£$ept the first, occasion any variation, in the quantity 
of heal radiated, but merely in that portion of it which is col- 
lected; by the mirror and sent to the focal ball; but the case is 
different: when the surface of the canister itself is altered. 

Leslie ascertained the power of different substances 
to rg$we, by applying them in succession to a side of the 
canisfl^ and observing what effect was produced upon the 
diffeiStotial .thermometer. The following table exhibits the 
relative power of the different substances tried by that philo- 
sopher* expressed by the elevation of the differential ther- 
mometer produced: — 


Lamp black 
Water by estimate 
Writing paper 
Rosin 

Sealing wax 
Crown glass 
China ink 
Ice 

Minium . 


100 

Isinglass . . . 

80 

100+ 

Plumbago • . 

75 

98 

Tarnished lead 

45 

96 

Mercury . . 

20 + 

95 

Clean lead 

19 

90 

Iron polished . • 

15 

88 

Tin plate 

12 

85 

80 

Gold, silver, copper 

12 


Radiating 
power of 
different 
bodies. 


From this table it appears, that the metals radiate much worse 
thaii other substances, and that tin plate is one of the feeblest 
of the metallic bodies tried. Lamp black radiates more than 
eight times as much as this last metal, and crown glass 7*5 
times as much. 

8. Such are the radiating powers of different substances. 
But even when the substance continues the same, the radiation 
is very '’considerably modified by apparently trifling alterations 
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Increased 
by tarnish- 
ing, 


and 

scratching 
the surface. 


on its surface. Thus metals radiate more imperfectly than 
other bodies ; but this imperfection depends upon the bright- 
ness and smoothness of their surface. When, by exposure to 
the air, the metal acquires that tarnish which is usually ascrib- 
ed at present to oxidizement, the power of radiating heat is 
greatly increased. Thus it appears from the preceding table, 
that the radiating power of lead, while bright, is only 19 ; but 
when its surface becomes tarnished, its radiating power be- 
comes no less than 46. The same change happens to tin, and 
to all the metals tried. 

When the smoothness of the surface is destroyed by scrafch- 
ing the metal, its radiating power is increased. Thus* isf the 
effect of a bright side of the canister be 12, it will be raised 
to 22 by rubbing the side .in one direction with a bit of fine 
sand paper.* But when the surface is rubbed across with 
sand paper, so as to form a new set of furrbws intersecting ' 
the former ones, the radiating power is again somewhat dimin- 
ished. 


9. The radiating power of the different substances examined 
was ascertained by applying a thin covering of each to # one* of 
the*thick ith sides of the canister. Now this coat may vary in thickness 
ness ot the in any given degree. It becomes a question of some impor- 
coatmg. fj ance ascertain, whether the radiating power is influenced 
by the thickness to a given extent, or whether it continues the 
same, whatever be the thickness of the covering coat. This 
question Mr Leslie has likewise resolved. On a bright side 
of a canister he spread a thin coat of liquefied jelly, and four 
, times the quantity upon another side; both dried into very thin 
films. The effect of the thinnest film was 38, that of the 
other 64. In this case the effect increased with the thickness 
of the coat. The augmentation goes on till the thickness of 
the coat of jelly amounts to about i^dth of an inch; after 
which it remains stationary. When a surface of the canister 
was rubbed with olive oil, the effect was 61 : a thicker coat of 
oil produced an effect of 59. Thus it appears>ihat when a 
metallic surface is covered with a coat of jelly or oil, the effect 
is proportional to the thickness of the coat, till this thickness 


* Leslie, p. 81 
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amounts to a certain quantity; but when a vitreous surface is Sect^v\ 
covered by very thin coats of metal, no such change is perceived. 

A canister was employed, one of the sides of which was a glass 
plate. Upon this plate were applied in succession, very fine 
coats of gold, silver, and copper leaf. But notwithstanding 
their thinness, the effect was only 12, or the same that would 
have been produced by a thick coat of these very metals. But 
when glass, enamelled with gold, is used, the effect is somewhat 
increased; a proof that varying the thickness of the metallic 
coats would have the same effect as varying the thickness of 
jelly, provided they could be procured of sufficient tenuity.* 

As long as an increase of thickness alters the radiating power 
of the coat, it is obvious that the surface of the canister be- 
low exerts a certain degree of energy ; and the action exert- 
ed by metallic bodies appears to be greater than that exerted 
by vitreous bodies. 

It was shown long ago by Dr Franklin, that the colour of 
bodies has a considerable effect upon the rate at which they 
absorb heat. He - placed different coloured pieces of cloth, 
black, deep blue, lighter blue, green, purple, red, yellow, and 
white, upon snow, and exposed them to the direct rays of the 
sun. The pieces sank deeper in the snow in proportion as 
they absorbed more heat. Now, the black had sunk deepest, 
while the white had not sunk at all, and the others sank 
deeper in the order in which they are named, those nearest 
the black always sinking deepest. Sir Humphrey Davy made 
a similar experiment, about the commencement of his chemical 
career. Six pieces of copper, coloured black, blue, green, 
red, yellow, and white, with a small portion of cerate on their 
under surface, were exposed on a white board to the rays of 
the sun, and the time of the cerate melting noted. It took 
place in the* order in which the colours have been named. 

More lately, Dr Stark has repeated these experiments in a 
different manner, and has shown that colour has a considerable 
effect both*on the rate at which heat is absorbed and emit- 
ted.f 


Leslie, p. 110. 


I Phil. Trans. Ib34, p. 287. 
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Chap. I, He surrounded the bulb of a thermometer plunged into a 
glass tube with equal weights of wool dyed black, green, scar- 
let, and white. The tube was then plunged into boiling 
water, and the time which the thermometer took to rise f$om 
50° to 170° was noted. It was when the bulb was surrounded 
by the different coloured wools as follows : — 

Black . . 4' 30" 

Dark green . 5 

Scarlet . 5 30 

* White . . 8 

He next coated the bulb of an air thermometer 'with black, 
dark brown, orange red, yellow, and white,* and the heat of 
an Argand lamp about 3 inches distance was thrown upon this 
bulb by means of a planished tin reflector. The rise with the 
different colours was as follows : — 


Black 


83° 

Brown 


74 

Orange red 


58 

Yellow 


53- 

White 


45 


Dr Stark showed also that the rate at which these different 
coloured bodies cool, follows precisely the same law as that in 
which they acquire heat. He surrounded the bulb of the ther- 
mometer with different coloured wool, and noted the time that 


it took to sink from 170° to 50°. 

It was as follows : — « 

Black wool 

21' 

Red 

26 

White 

. 27 

He surrounded the bulb with wheat flour coloured black, 
brown, yellow, and white ;+ and noted the time of cooling from 

180° to 50°, as follows: — 


Black flour . 

O' 50" 

Brown 

11 

Yellow 

12 

White 

12 15 # 


* The black was given by lamp black, the other colours by peroxide of 
lead, red lead, protoxide of lead, and carbonate of lead. 

f Black by lamp black, brown by amber, yellow by gamboge. 
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From these experiments we see the reason why the skin of &<*. v. 
a negro is better suited to the torrid fcone than that of a 
European. 

10. When the focal ball is in its natural state, that is to Surfaces 

. ill i radiate 

say, when its surface is vitreous, it has been already observed, absorb heat 
that the side of the hot canister coated with lamp black raises equal,y * 
the thermometer 100°. If the experiment be repeated, cover- 
ing the focal ball with a smooth surface of tinfoil, instead of 
rising to 100°, the thermometer will only indicate 20°. A 
bright side of the canister will raise tlie thermometer, when the 
focal ball is naked, 12°; but when the ball is covered with 
tinfoil, the elevation will not exceed 2£°* From these ex- 
periments it is obvious, that metal not only radiates heat worse 
than glass, but likewise that it is not nearly so capable of im- 
bibing it when the rays strike against its surface. If the sur- 
face of the tinfoil be furrowed by rubbing it with sand paper, 
the effect produced, when the focal ball is exposed in the focus, 
will be considerably increased.f It has been already observed 
that the radiating power of tin is likewise increased by scratch- 
ing it. These facts entitle us to conclude, that those surfaces 
which radiate heat most powerfully, likewise absorb it most 
abundantly when it impinges against them. 

11. The very contrary holds with respect to the reflectors. Reflection 

» » * mvprscW as 

as might indeed have been expected. Those surfaces which ladiation. 
radiate heat best, reflect it worst ; while the weakest radiating 
surfaces are the most powerful reflectors. Metals, of course, 
are much better reflectors than glabs. When a gldSb mirror 
was used instead of the tin reflector, the differential thermo- 
meter rose only one degree ; upon coating the surface of the 
mirror with lamp black, all effect was destroyed ; when 
covered with a sheet of tinfoil the effect was 10°4 

To compare the relative intensity pf different substances sCs 
reflectors, Mr Leslie placed thin smooth plates of the sub- 
stances to be tried before the principal reflector, and nearer 
than the jfteper focus. A new reflection was produced, and 
the rays were collected in a focus as much nearer the renec- 

f Ibid. p. 81. 

K 


* Leslie, p. 19. 


t Ibid, p 20. 
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chR P- T - tor than the plate as the old focus was farther distent, v^e* 
powerof* com P ara ti ve power of the different substances tried wffS-'ds 


various bo* follows : — * 
dies. 


Brass 

■ . 


100 

Silver 


, 

90 

Tinfoil 

. 


85 

Block tin . 


, 

80 

Steel 


. 

70 




Lead . 

Tinfoil softened by mercury/TO 
Glass . . . . . 10 . 

Ditto coated with wax op oil $v 


When the polish of the reflector is destroyed^ rubbing i,t 
with sand pap^r, the effect is yery much diminished. When" 
the reflector is coated over with a solution of jelly, the effect 
is diminished in proportion as the thickness of the coat in-* 
creases, till its diameter amounts to T0 J OT th part of an inch. 
The following table exhibits the intensityjof the reflector 
coated with jelly of various degrees of thickness : — f 


ThigcneM of coat. 


Effect. 

Naked Reflector 


127 




98 

TOISOoo 



93 

1 

ftOOOO 



87 




61 

TU&UU 



39 

tstjVw 



. ” 29 

1000 



21 




15 


All these phenomena are precisely what might have been 
''expected, on the supposition that the intensityjof reflection is 
inversely that of radiation. Mr Leslie ha!' shown that it is 
the anterior surface of reflectors only that acts. For when a 
glass mirror is employed, its power is not altered by scraping 
off the tin from its back, nor by grinding the posterior surface 
with sand or emery.f 

Such was the state of our knowledge of the radiation of 
heat, when Becquerel suggested, in the year 1826, a mode of 
measuring high degrees of heat, by *jpean^j of the thermo- 
electric currents. $ He formed his electric thermometer by 

• * Leslie, p. 98. + Ibid. p. 106. t Ibid, p.,21. 

§ Ann. de Chim. et de Pbys. xxxi. 871 . 
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means 6f wires of platinum and palladium communicating with 
a, galvanometer. * Some years afterwards, M. Nobili thought 
of constructing an electric thermoscope of great sensibility. 
IJe employed for the purpose, twelve small bars of bismuth 
and: antimony, which act most powerfully in producing thermo- 
electric currents. They were soldered together at the ex- 
tremity, and insulated everywhere else in the way represented 
in the diagram, where a represents the antimony bars, and b 
those of bismuth. They were packed 
in a box, so that only the two ends of 
the pile, where the metals were solder- 
ed together, were exposed. Copper 
wires, attached to the extreme bar, (the one of bismuth, the 
other of antimony,) served to communicate with the galvano- 
meter. He held the box in his hand, and touched with the 
exposed face of the pile the body whose tftnperature was to 
be determined. The diameter of the box was about two or 
three inches, and the base of each bar of metal was about 
one and a half inch square. 

M. Melloni having ascertained by some trials, that the 
action of the thermo-electric pile or the thermo-multiplier , as 
it is called, depends more upon the numbers than the size of 
the elements of which it is composed, reduced each metallic 
bar to about one-thirtieth or one-fortieth of the size of those 
used by Nobili, and kept them isolated from each other, except 
where soldered, by slips of paper. He increased their num- 
bers to thirty or forty pairs, and fixed them in a compact 
bundle, so that the two extremities, where the bars are soldered, 
were free. Several additions were made by him to this appa- 
ratus, which it is unnecessary to describe minutely in this 
place, as this has been already done by Nobili and Melloni in 
1831.t 

By means of this apparatus, which is capable of detecting 

• 

* Galvanometers, as will be, explained in a subsequent part of this vo- 
lume, consist of a magnetic naattle suspended freely, and enclosed in nefcne- 
rous coils of insulated wife, through which the electricity that moves the 
needle passes. * 

f Ann. de Chim, et de Phys. xlviii. 198, 
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Heat ra- 
diates 
through 
solids. 


Modified 

hythick- 

uess. 


: much smaller quantities of heat than the differential thermo- 
meter, *and which acts with very great rapidity 5 a great num- 
ber of interesting experiments were made, and a great variety 
of most important facts ascertained by Melloni, f and by Pro- 
fessor ForbesJ of Edinburgh. I shall endeavour to lay the 
most striking of these new facts before the reader. 

12. Contrary to the opinion of Professor Leslie, heat is 
capable of radiating through many solid and liquid bodies, as 
well as through air and elastic fluids. 

13. The bodies through which heat is transmitted in rays, 

are generally transparent or translucent. The only exceptions 
which Melloni has met with, are black mica and black glass; 
both of which, though opaque, transmit heat from a lamp, from 
incandescent platinum, or from copper heated to 734®. $ blit; 
not from topper heated to 212°. V' >^|||( 

14. The quanfcty of heat transmitted through bodi|§tts5|i^io| 
proportional to their transparency, but (except in^cryut^ls) 
seems connected witli their refrangibility. Liquj|$ are in 
general less permeable to heat than solids. To bodies which 
transmit heat well, Melloni has given the name of diathermic , 
or transcaloric bodies. 

15. The quantity of heat transmitted through transparent 
glass, is modified by the thickness of the glass. This will 
appear from the following table, exhibiting the quantity of 
heat transmitted and absorbed by glasses of various thickness, 
^.{teterinined by Melloni, § the whole heat being 1000: — 


■ Thickness, 
lnvh^ 

Transmitted. 

Absorbed. 

0*08(1(4 

619 

v 381 

0*1624 .. 

. . . 576 . 

424 

0*2441 

558 

442 

0*3256 

549 

451 


We see from this that the greatest part of the heat 

• From the experiments of Professor Forbes, it would appear that the 
deviation 1° of the thermo-multiplier, is equivalent to ^yth or Ayth of a 
centigrade degree. 

f c Ann. de Chim. et de Phys. liii. 5 ; ly. 337 ; and lxi. 5. . 
v % Philosophical Magazine, (3d series), vi. 134, 205,* 264, 366 ; vii. 
3,49 ; xii. 545; xiii. 97, 180. . ♦ 

§ m m Ann. de Chim. et de Phys. liii. 39. 



TRANSMISSION OF HEAT. 

absorbed, is absorbed by the first portion of the plate of glass. 
Suppose the thickness of glass to be divided in idea into four 
slices of equal thickness, the quantity of heat lost in passing 
tbrouglfeach would be 381, 43, 18, and 9. 

It is evident from this, that the transmission of heat through 
glass follows a different law from that of light. 

This is still farther confirmed by the following experiments 
of the same philosopher : — 

Thickness of glass. Rays transmitted. Rays stopped 

Inches. 

1*063 . 484 516 

2*126 380 620 

3-189 . 303 697 

Here the rate of stoppage is 516, 215, 203. 

The following table from the same experimenter, shows the 
heat transmitted and absorbed in passing through various 
thicknesses of oil of colza : — * 


-Thickness. 

Inches. 


Rays transmitted. 

Rays stopped. 

0-2664 


. • 443 

557 

0-5328 


363 

637 

1-0656 


294 

706 

2-1312 


270 • . 

730 

2-8035 


255 

745 

4-2630 


244 

756 


If we suppose the thickest portion of the oil divided into 
six slices, the respective thicknesses of which are 0-2664 inch, 
0-2664, 0-5328, 1-0656, 1-0656, 1*0656, we have the por- 
tions stopped at each slice as follows : — 

1st Slice . . . 0*557 

2 . . . . 0*180 

3 .... 0*190 

4 . . . . 0*082 

5 . . . 0*056 

6 .... 0*040 

Thus we see that the stoppage, of heat in passing through 
the slices of oil of colza, diminishes just as in glass. 

It is obvious from this, that if a ray of heat be transmitted 
through a second plate of glass, much less heat will be stopped 
h an was by the first plate. 
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Chap. I. 16. It is well known that the quantity of light which passes 
"through diaphanous bodies, depends upon their transparency. 
If a body be perfectly transparent, the whole light will pass 
through.* If it be opaque, none will be transmitted ; and the 
quantity through intermediate bodies will be proportioned to 
their degree of transparency. The same differences exists 
with regard to the transmission of heat through bodies. 
t ^ i= e There is one body, sal gemme , (or native transparent common 
all the heat, salt,) through which the whole heat passes, except what is re 
fleeted from its two surfaces. Suppose the whole heat to be 
1000, Melloni found 923 of this, from whatever source, and 
though greatly below the point of being luminous, pass through 
a plate of sal gemme. The 77 lost are reflected from the 
surfaces of the salt. Mellgni has shown that the quantity 
reflected by the anterior surface is 39*3 ; consequently the 
quantity reflected* from the posterior surface must be 37’7. 

Thus, sal gemme, with respect o heat, is what a perfectly 
transparent body is to light. All other bodies, even thffitgh 
colourless and transparent, exert an action similar to that 6 of 
Other bo- coloured glass upon light ; that is to say, they stop certain 
^part ofu a ra y s ’ an d transmit others. The following table shows the 
. quantity of heat transmitted through glasses of various colours, 

and 0*0728 inch in thickness.f The whole heat being 100. 


Colourless glass 

Heat transmitted. 

40 

Deep red glass 

33 

Orange do. 

29 

Brilliant yellow 

22 

Apple green glass 

25 

Mineral green do. 

... . 23 

Blue do. 

21 

Indigo, 

12 

Deep violet 

34 

Black and opaque 

17 


The effect of different bodies in stopping heat transmitted, 
is well exemplified in the following table of Melloni. The 
thickness of each body interposed as a screen, is 0*iJ236 

* The portion reflected at the surface of the body always excepted. 

+ Ann. de Chim. et de Phys. lv. 379. 
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inch. Four sources of heat were employed; 1. A common _, Sect * 
lamp, called by Melloni, lamp of Locat'elli ; 2. A coil of pla- 
tinum wire kept incandescent by vapour of alcohol ; 3. Copper 
blackened by the smoke of a candle, and heated to 734 p ; 

4. Blackened copper plate heated to 212°. The two first 
sources wore luminous, the two last contained no sensible 
quantity of light whatever : — * 



Heat transmitted. Total being 
100°. 

Screens. 

Lamp 
of Lo- 
catclli. 

Incan- 

descent 

plati. 

num. 

Copper 

heated 

to734d. 

Ditto 
heated 
to 212°. 

Sal gemme . 

92 

92 

92 

92 

Fluor spar, diaphanous and colourless 

78 

69 

42 

33 

Sal gemme, diaphanous but muddy 

65 

65 

65 

65 

Beryl*, diaphanous, yellowish green 

54 

23 

13 

0 

Fluor spar, diaphanous, greenish 

46 

38 

24 

20 

Iceland spar, diaphanous, colourless 

39 

28 

6 

0 

Do. do. do. 

38 

28 

5 

0 

Crystal glass, diaphanous, colourless . 

39 

24 

6 

0 

Do. do. do. 

38 

26 

5 

0 

Itock crystal, diaphanous, colourless 

Do. smoked, diaphanous, brown 

■ 38 

28 

6 

0 

37 

28 

6 

0 

Bichromate of potash, diaphanous, orange 

34 

28 

15 

0 

Topaz, diaphanous, colourless 

33 

24 

4 

0 

Carbonate of lead, diaphanous, colourless 

32 

23 

4 

0 

Sulphate of barytes, diaphanous, slightly 
muddy 

24 

18 

3 

0 

White agate, translucent, pearly 

23 

11 

2 

0 

Adularia, diaphanous, muddy, veined 

33 

19 

6 

0 

Amethyst, diaphanous, violet 

Artificial amber, diaphanous, yellow 

21 

9 

2 

0 

21 

5 

0 

0 

Beryl, diaphanous, bluish green 

19 

13 

2 

0 

Agate, translucent, yellow 

19 

12 

2 

0 

Borax, translucent, white 

18 

12 

8 

0 

Tourmalin, diaphanous, deep green 

18 

16 

3 

0 

Oxhorn, translucent, brown • 

18 

4 

0 

0 

Gum, diaphanous, yellowish 

Sulphate of barytes, diaphanous and mud- 
dy, veined . . . . . 

18 

3 

0 

0 

17 

11 

3 

0 

Sulphate of lime, diaphanous, colourless 

14 

5 

0 

0 

Cornelian, translucent, brown 

14 

7 

2 

0 

Citric acid, diaphanous, colourless 

11 

2 

0 

J> r 

Carbonate of ammonia, diaphanous, .muddy 

12 

3 

0 

0 

Rochelle salt, diaphanous, colourless .. 

11 

3 

0 

0 I 


*^A'nn. de Chim. ct dc Phys . lv, 347. 
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Screens. 

Heat transmitted, 'lotal being 
212.° 

Lamp 
of 1.0. 
catelli. 

Incan. 

descent 

plati 

num. 

Copper 
heated 
to 734°. 

Ditto 
heated 
to 212°. 

Amber, translucent, yellowish 

11 

5 

0 

0 

Alum, diaphanous, colourless 

9 

2 

0 

0 

Glue, diaphanous, yellowish brown 

9 

2 

0 

0 

Mother of pearl, translucent, white 

9 

0 

0 

0 

Sugar candy, diaphanous, colourless 

8 

0 

0 

0 

Fluor spar, translucent, green 

8 

j6 

4 

3 

Fused sugar, diaphanous, yellowish 

7 

0 

0 

0 

Ice, diaphanous, colourless 

G 

0 

0 

0 


It is obvious from this table, that the quantity of heat 
transmitted bears no relation to the transparency of the bodies 
through which it passes ; the quantity transmitted also evi- 
dently increases in every body, (sal gemme excepted) asq 
temperature of the source of heat increases. i 

The same principle was observed in all the liquids tried 
M. Melloni. The quantity of heat- transmitted diminished 
the source of heat diminished, precisely as when the heat was 
transmitted through solids. Out of twenty-eight liquids tried, 
only thfee exceptions occurred ; namely, bisulphuret of carbon, 
chloride of sulphur, and protochloride of phosphorus. And 
Melloni considers these exceptions as only apparent, and not 
real. 

Thus it appears that radiant heat from different sources, is 
absorbed in greater or smaller proportions in traversing dia- 
phanous bodies, both solid and liquid. But for the same body, 
the absorption increases constantly as the temperature of the 
source diminishes. 

The case is different with light. The palest and most 
feeble light, when passed through a transparent body, suffers 
just the same absorption as the strongest and brightest flame. 
Sal gemme allows tlie same proportion of heat of whatever 
intensity to pass through it. Heat, then, with respect to sal 
gemme, is in the same predicament as light with respect to 
transparent bodies. All the others intercept more and more 
heat as the temperature* of the source diminishes. It is clear 
from this, that these bodies allow certain rays of heat to pass, 
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while they intercept others. They act upon, heat precisely as Sect. v. 
coloured bodies do upon light. 

It follows from this that the rays of heat from different sources 
are not identic in their nature. The heat of boiling water, 
copper heated to 734?, incandescent platinum wire, and a 
flaming lamp, give each a greater quantity of rays of heat of a 
certain kind; just as coloured bodies give out each more light 
of a peculiar colour. 

Bodies may be divided into diathermic and athermic . The 
diathermic are divisible into two classes, universal and par - 
tiaL To the first of these, analogous to colourless trans- 
parent bodies, belongs sal gemme ; to the second, corre- 
sponding to coloured bodies, belong all the bodies in the 
preceding table, together with liquids and diaphanous bodies 
in general. 

The athermic bodies include all the opaque bodies hitherto 
examined, excepting black glass and black mica , which, though 
impervious to light, yet allow heat from certain sources to be 
transmitted. The following little table exhibits the quantity 
transmitted from the same four sources, according to the ex- 
periments of Melloni : — * 


Screens. 

Black glass, thickness 0*03937 inch 
Ditto thickness 0*07874 inch 
Black mica, thickness 0*0236 inch 
Ditto thickness 0*03543 inch 


Lamp 

Locatelh. 

Incan- 

descent 

platinum. 


26 

25 

12 

16 

15*5 

8 

29 

28 

13 

20 

20 

9 


The whole heat is supposed as before to be 100. # 

These bodies, though opaque, are diathermic, but partially 
so, since they transmit certain rays of heat and intercept 
others. 

Thus various bodies exercise the same power over heat that 
Coloured bodies do over light ; that Is to say, they intercept 
certain rays while they transmit others. It is clear from the 
experiments of Herschell, that these rays differ in their refran- 


* Ann de China, et de Phys. lv. 358. 
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; chap, i. gibility. It is easy from this to understand the reason why, 
in the solar spectrum, the point of greatest heat varies according 
to the nature of the prism used. Oil of turpentine stops a 
greater portion of the heat that would be transmitted in the 
orange and red rays, or below them, while it transmits that 
which passes with the yellow ray. Hence the point of 
greatest heat is in the yellow ray. A similar explanation ac- 
counts for the maximum heat being in the orange ray when 
the prism is a solution of corrosive sublimate or sal ammoniac ; 
for its being in the red ray with a prism of crown glass, 
and below the red ray with a prism of flint glass, 
pro. ^ 17. It may be proper here to describe a new property of 

soldi spec the solar spectrum, discovered by Melloni.* In a prism of 
tmrn cr own glass, the maximum heat, as has been already observed, 
is in the red ray of the spectrum. The heat diminishes as we 
ascend, and is least of all in the violet ray. It diminishes also 
as we descend, and disappears at a certain distance below the 
red ray. In the lower part of the obscure spectrum (as it may 
be termed) lines may be drawn, indicating points where the 
heat is equal with that of the coloured rays above the maximum 
point in the red ray. 

% Now if we determine the heat of the violet ray, and then 
make it to pass through a layer of water, 1 line in thickness, 
the heat passes through the water with little diminution. If 
we try the line isothermal with the violet ray, below the red 
ray, we shall find that the whole is stopped by the water. As 
we descend from the violet ray, more and more of the heat is 
stopped by the water : but as we ascend from the line isother- 
mal with the violet ray, below the red ray, more and more of 
the heat passes through the water. The following table gives 
the temperatures in the respeccive rays before and after the 
interposition of the water, in centigrade degrees 


* Ann. de China, et de Phys. xlviii. 385. 
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Violet . 


» 

• 

Before. 

2° 

After, 

2 

0*00 

Indigo . 



• 

5 

4*5 

(HO 

Blue 




9 

8 

0-11 

Green . 




12 

10 

0-17 

Yellow , 




25 

20 

0*28 

Orange . 

• 



29 

21 

0-42 

Red 

* 


• 

32 

20 

0-57 

1st obscure band 


• 

29 

14 

0-70 

2d do. 

do. 

. . 

9 

25 

9 

0-74 

3d do. 

do. 



12 

3 

0-75 

4th do. 

do. 



9 

1 

0-88 

5th do. 

do. 



5 

0-5 

0-90 

6th do. 

do. 



2 

0 

1-00 
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The last column gives the loss in hundred parts of the initial 
temperature, as calculated by Melloni. 

18. Melloni, and Professor Forbes, have shown by decisive 
experiments, that radiant heat is refrangible as well as radiant 
light ; and that its rays differ from each other in their refran- 
gibility, for the refrangibility of heat from different sources 
was different. The rays from the lamp were more refran- 
gible than those from incandescent platinum ; and these last 
.were more refrangible than the rays from copper heated to 
734o* 

* 19. In the earlier experiments of Melloni, he did not fin<f 
that the rays of heat were polarized when passed through the 
tourmalin. But he afterwards found that this conclusion 
was hasty, and that the tourmalin polarizes heat as well as 
light. .The truth of this statement is shown very clearly 
by Professor Forbes.f They also polarized heat by* plates 
of mica, and also by reflection, and they have shown that 
the polarization of light and heat follow exactly the same 

tow. 

20. Professor Forbes has shown that the action of crystal- 
lized bodies on heat is precisely the same as on light, and that 
heat is capable of being refracted doubly by certain crystals 
as well as light, and that by them it is dipolarized as is the case 
with light. He has shown also that the velocities of the or£i- 


* Ann. de Chim. efc de Phys. lv/367. 
t Phil. Mag. (3d series) vi. 205, and xii. 549. 
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Chap, i- nary and extraordinary ray, in doubly refracting crystal*, aye 
totally different from those of light** 

21. Professor Forbes has made an interesting set of expe- 
riments on the refrangibility of heat, and has shown that itf is 
less refrangible than light.f This indeed was sufficiently ob- 
vious from the old experiments of Herschell. But as heat is 
found in all the coloured rays of the spectrum, I do not see 
how it can be denied that some of its rays are as refrangible 
as the violet ray with which they are mixed. 

<22. From the facts stated in this section, it appears that 
heat is propagated, reflected, refracted, and polarised precisely 
as light is. Some mediums, as air and sal gemme, transmit 
equally all sorts of calorific and luminous rays ; but others act 
differently on the two agents ; sometimes absorbing more light 
than h f eat, and sometimes more heat than light. Some absorb 
the whole luminous rays while they are permeable to certain 
calorific rays, while others absorb the whole calorific rays 
while they are permeable to light. 

Analogous differences are produced in the difluse reflection 
which the two kinds of rays experience at the surface of opaque 
and athermic bodies. For we see perfectly white bodies re-* 
fleet or, absorb very different proportions of heat, according to 
the quality of the calorific rays ; although these white surfaces 
absorb all the rays of light in equal proportions. 

Other inequalities depending always on absorption, are 
evident in the phenomena of polarization, exhibited by the 
tourmalin. Here the two bundles into which a ray of light 
divides itself, on penetrating into the interior of the slices of 
tourmalin, are so modified in their progressive motions that 
the ordinary ray is entirely absorbed during its passage, and 
that the extraordinary ray alone presents itself at the ernef* 
gence completely polarized. And this happens whatever be 
the colour of the incident light. The same thing does not 
take place with the rays of heat; the two bundles of which, 
produced at the entry into the polarizing plates, experience 
absorptions sometimes very different, and sometimes perfectly 


'* Phil. Mag. (3d series) xiii. 106, 192. ' 


f Ibid. xiii. 180. 11 
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equal, occasioning great differences in the, polarizations, a&- Sect - v » 
cording to the quality of the, calorific rays. 

The polarization becomes equal for all kinds of rays if we 
prbduce it by refraction and reflection, which are quite inde- 
pendent 'of the absorption of the mediums. 

All bodies exposed to radiant heat, become hot; and when 
removed from the action of the rays preserve, for some time, 
the heat acquired. But very few substances, after being ex- 
posed to light, retain it so as to appear luminous in the dark. 

Heat thus absorbed seems, so to speak, to have changed its 
nature; It forms a homogeneous current, and the mode of its 
transmission assumes characters quite opposite to that of ra- 
diant heat or light. It* diffuses itself through the body in 
every direction, precisely as the heat communicated by con- 
tact, and this propagation is considerably modified by the dis- 
placement of the different parts of which the body is composed. 

Light and radiant heat, on the contrary, move only in straight 
lines, and traverse space with incredible velocity, without being 
influenced by the most violent agitation of the medium through 
which they pass. 

The laws of these two great agents of nature, and the mo- 
difications which they experience by the action of ponderable 
matter, is the same as long as the rays move freely. But 
numerous differences appear as soon as the motions of the two 
sets of rays suffer an interception either at the surface or in 
the interior of bodies. 

23. Sir John Leslie accounted for the radiation of heat by 
supposing that the source of heat occasions undulations or 
waves in the air, and that heat was propagated through ai^ 
with the same velocity as sound. But the facts ascertained 
by Melloni and Forbes, are quite incompatible with such an 
explanation. The explanation which has been generally 
adopted, was originally started by M. Prevost, of Geneva, as 
early as 1791, and was afterwards expounded in a work eft* 
titled Calorique Rayonncml , published in the year 1809. 

Pidvostr supposes that heat is a discrete fluid, every P^^ieotyof 
tide of which moves in a straight line. These particles go •radiation, 
one in one direction, and another in another, so that every 
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Chip, i. sensible point of the hot spaqe is a centre, from which depart, 
and to which arrive, rows of particles or calorific rays. The 
consequence of this must be, that if we suppose two neigh- 
bouring spaces, in which heat abounds, there must be a con- 
stant interchange of heat between them. If it abounds equally 
in each, the interchanges will balance each other, and the 
temperature will continue the same. If one contains more 
than the other, the interchanges will be unequal, and by a 
continued repetition of these unequal changes, the tempera- 
' tures of both will be in time reduced to equality. If we sup- 
pose, a body placed in a medium hotter than itself, and the 
temperature of that medium constant, we may consider the 
heat of the medium as consisting of two parts, one equal to 
that of the body, the other.equal to the difference between the 
temperature of the two. The first of these two parts may be 
left out of view, being counterbalanced by the radirfo|| of the 
body ; the excess alone requires consideration, ana reMMvely 
to that excess, the body is absolutely cold. 

According to this theory, all bodies are constantly emitting 
rays of heat in all directions, and constantly receiving rays of 
heat from all directions. When the rays emitted and the rays 
received are equal in number, the temperature remains con- 
stant. When a body sends out more rays than it receives, its 
temperature sinks ; when it receives more than it sends out, 
its temperature rises. If a body be placed in the neighbour- 
hood of another, it will intercept a great many rays that were 
moving towards the second body, in the direction now blocked 
up. But if the temperature of the intercepting body be the 
fma as that of those whose rays it intercepts, it will send out 
as many rays as it stops, and thus the temperature of the 
second body will not be affected. If the intercepting body be 
colder than those whose rays it intercepts, it will receive more 
than it can give out ; the consequence of which will be, that 


the temperature of the second body will be reduced. The 
very contrary must happen if the intercepting body be hotter 
Apparent ^ose whose rays it intercepts. ** ' 1 *** ' ‘ * 1 *' 1 

nakttaa ofc This theory will enable us to explain a set of phenomena, 
which have occasioned muob discussion, and been considered 


cold 
plained 



RADIATION OF COI». 


143 


by some aa incompatible with thg received notions concerning Sect. v. 
beat ; I mean the apparent radiation of cold. “ 

* The first attempt to determine the effect of cold radiated 
from a mirror, was made by the Florentine academicians, in 
1Q67, aqd is thus related in the essays of that academy, trans- 
lated by Mr Waller. “ We were, willing to try if a concave 
glass set before a mass of 5001b. of ice, made any sensible 
repercussion upon *a very nice thermometer of 400° placed 
in its focus. The truth is, it immediately began to subside ; 
but by reason of its nearness to the ice, it was doubtful whether 
the direct or reflected rays of cold were more efficacious : upon 
this account we thought of covering the glass, (and whatever 
may be the cause) the spirit of wine did indeed presently begin 
to rise. For all this we dare not fye positive, but there might 
be some other cause thereof, besides the want of reflection 
from the glass; since we were deficient in making all the 
trials necessary to clear the experiment.”* 

Gaertner, modeller to the king of Poland, repeated this 
experiment in a more satisfactory way in the year 1781. He 
contrived a set of wooden parabolic mirrors, which he gilded 
internally, with which he made various experiments.* Among 
others was the following : — “ If, instead of a hot body, cold 
water be put into the focus of the mirror, it gives out, even in' 
summer, an agreeable coolness. But if, instead of cold water, 

I made use of ice, there was a considerable production of cold 
at the distance of ten or twenty paces.” 

This experiment was repeated by M. Pictet in somewhat a 
a different manner, and the account of it published by him in 
1792, in his Essai sur le Feu. He took two concave mirrors 
indifferently polished, and having a focus at nine inches dis- 
tance, and placed them opposite each other and 10£ feet 
asunder. A delicate air thermometer was put into one of the 
foci, and a matrass full of snow into the other; the thermo*roe- 
ter sunk several degrees, and rose again when the matrass 
was, removed. When nitric acid was poured on the snow the 
thermometer sunk several degrees lower. - e 


Waller’s translation, p. 10S. 
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Ch& P« *« This, experiment has been considered by some as inexpli- 
cable, unless we admit the radiation of cold. The snow, it 
has been said, is not absolutely destitute of heat. It must 
therefore radiate some heat. Consequently its presence ought 
rather to raise than sink the thermometer. But this objection 
can be insurmountable to those only who have not taken the 
trouble to make themselves acquainted with the principles of 
Prevost’s theory. 

To explain what happens, we have only to recollect that 
heat is constantly radiating from all bodies and entering into 
all bodies, and that while the temperature continues unaltered, 
the rays of heat lost by radiation must be just compensated 
by the rays received. From the nature of radiation it is 
obvious that the intensity of the ray must be inversely as 
square of the distance from the radiating object. A thermb- 
meter in a room may be considered as in the centre of a 
sphere of bodies constantly radiating heat upon it. The raj s 
which it throws out just compensate those which it receives, g 
and consequently its temperature remains unchanged. Sup- 
pose a mirror placed in its neighbourhood, it Will intercept 
a considerable number of rays sent to the thermometer by the 
surrounding sphere. Indeed, if it be near enough and large 
enough, it will intercept a* whole hemisphere of these rays. 
But this can produce no change upon the temperature of the 
thermometer, because the difference between the size of the 
mirror and of the hemisphere intercepted, will be exactly com- 
pensated by the smaller distance of the mirror. If we put 
the thermometer into the focus of the mirror, the effect will 
continue the same. The mirror will indeed collect the rays 
from one of the hemispheres, and reflect them upon the ther- 
mometer; but it will intercept the rays from the other hemi- 
sphere. The temperature of the thermometer will not be 
affected, because the number of rays’ sent to the thermometer 
being the same, it can make no difference whether these rays 
be supplied by reflection or radiation. 

Suppose a second mirror to face the first. The cylinder 
of rays from the second hemisphere is now intercepted. But 
then all the rays which pass through its focus to its face are 
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reflected in the direction of the intercepted cylinder. # Thus a Sect, v 
cylinder of reflected rays is formed equal to and instead of the 
intercepted one. The temperature of the thermometer must 
still continue unaltered, because it contiflues to receive as many 
rays as it emits. 

Let us now place a hot body in the focus of the second re- 
flector. The cylinder from this reflector will now consist of 
an extraordinary number of rays, which will be collected by 
the other mirror and sent to the thermometer. The thermo- 
meter will now receive more rays than it emits, and conse- 
quently will rise. Substitute a matrass full of ice instead of 
the hot body in the focus of the second reflector, the conse- 
quence will be that the rays which would have otherwise 
passed through the focus of this Reflector will be absorbed by 
the ice. Fewer rays will make their way to the other mirror, 
and be collected into its focus. The thermometer will now 
radiate more heat than it receives, and of course will fall. 

When nitric acid is poured upon snow, the temperature sinks 
about 40° ; it will therefore radiate still less heat than the 
ice. The thermometer therefore must sink still lower.* 

There is an experiment by Count Rumford, which he con- 
sidered as incompatible with the common opinions respecting 
radiation ; but which admits of as easy an explanation as the 
cooling occasioned by the snow in Pictet’s experiment. He 
took a conical metallic tube about 18 inches long, whose 
respective apertures were 1 inch, and 5 inches in diameter. 

The inside of the tube was polished so as to reflect heat 
powerfully and to radiate little. This tube being supported 
in a horizontal position, the focal ball of a differential thermo- 
meter was placed at the larger opening, while a matrass full 
of ice was put before the smaller opening. The thermometer 
-did not sink, or sunk only a very little ; but when the posi- 
tion of the ice and thermometer was reversed, by placing the 
former before the wide opening, and the latter in the narrow 
opening of the tube, the thermometer now sunk a considerable 

* On this subject the reader may consult Mr Davenport's paper. Annals 
of Philosophy (1st series), p. 338, and Mr Crampton Holland's paper on 
the same subject in the Edin. Transactions, 179. 

L 
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space, indicating a much more rapid decrease of temperature- 
This experiment is easily explained by the application of Pro- 
vost's theory. It is evident from the well-known laws of optics, 
that the incident ray i of heat which are parallel to the axis of 
the tube are reflected in the form of cones, and cross in the 
axis. However, the largest hollow cylinder of incident rays 
will form the focus of greatest intensity; and a multitude of 
other rays will be brought by complex reflections to the same 
spot v The tube is, in fact, a truncated cone ; for the smaller 
end has a diameter. The principal focus is not at the apex 
of. the cone; but short of it, and we may suppose the thermo- 
meter placed in this point. Now, it is easy to see that the 
rays'from a considerable portion of the surrounding sphere 
are intercepted by the tube,; but this is compensated by the 
t rays reflected by the inside of the tube, and falling upon the 
thermometer placed in the focus. Hence a thermometer 
placed at the narrow end of the tube undergoes no alteration 
whatever ; but when the matrass with icc is placed at the 
wide end of the tube, it intercepts the incident rays which 
would have been reflected from the inside of the tube upon 
the thermometer. The thermometer now radiates more heat 
than it receives, and must therefore fall. 

The radiation of heat being understood, we arc enabled to 
explain, by means of it, a variety of natural phenomena of a 
very interesting nature. I may give an example or two to 
enable the reader to perceive the importance of this part of 
the doctrine of heat. 

1. It is to the radiation of heat that we are indebted for the 
condensation of dew, to which plants are so much indebted fear 
their nourishment, as was first satisfactorily explained by Dr 
Wells in bis Essay on Dew , which constitutes one of the most 
beautiful examples of inductive reasoning in the English 
language. To.understand the way in which dew is formed, it 
is necessary to know that water is capable of being converted 
into vapour at all temperatures from 32° to 212° : hence the 
atmosphere is seldom or never destitute of aqueous vapour. 
But the absolute quantity that can exist depends upon the 
temperature. . At 32° it can contain only troth of its volume 
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of vapour, while at 52° it can contain /gth of its volume. 
When dr containing vapour diminishes in its temperature, a 
portion of its vapour is usually condensed into water. The 
amount of the diminution of temperature necessary to cause 
air to deposit moisture depends upon the quantity of vapour 
which it oontdns. If the quantity be as great as can exist at 
the given temperature, then the smallest diminution of tem- 
perature will occasion the deposition of humidity ; hut if air 
at 72° contain only as much vapour as it can retain at the 
temperature of 52°, it is obvious that it must be cooled below 
32° before it begin to deposit moisture. 

During the day a good deal of water is converted into 
vapour from the surface of Jakes, seas, and rivers, and from 
the earth itself, and mixes with, the atmosphere. The tem- 
perature of the atmosphere usually sinks considerably after 
sunset, and is often 20° or 30° colder than at the hottest part 
of the day : hence it must approach much nearer the point 
of depositing moisture than during the day. The greatest 
difference between the temperature of day and night takes 
place in this country in spring and autumn, and these are the 
seasons in which the most abundant dews are usually deposited. 
Dewy nights are usually clear ; on cloudy nights dew seldom 
falls. 

Many years ago, a curious set of experiments on dew was 
made by M. Dufay. He placed a glass cup in the middle of 
a silver basin, and left both in the open air during *a dewy 
night. Next morning the silver basin was found dry ; but the 
glass cup was wet with dew. When the experiment was re- 
versed by placing a silver cup in the middle of a glass basin, 
the glass was still moist and the silver dry.* These, and many 
other similar experiments, remained unexplained till Dr Wells 
turned his attention to the subject. It is only necessary to 
say that the metals are bad radiators of heat, while glass is 
a good radiator : hence in a cloudless night the temperature 
of the glass exposed to the aspect of the sky will sink much 
lower than that of metals ; it will cool the air in its neighbour- 
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Chap, l hood more, and of course dew will be deposited on it in pre- 
ference. Dr Wells found, as Mr Six had done before him, 
that a thermometer laid on a grass plot in a clear night sunk 
6°, 8°, 13°, or even 20° lower than a thermometer hung at 
some height from the ground; because grass radiates heat 
well. In short, dew is deposited on those substances which 
radiate heat well ; while it avoids, for an obvious reason, all 
bad radiators. These depositions do not take place on cloudy 
’ nights, because clouds radiate the heat back again, and thus 
prevent the temperature of good radiators from sinking much 
below that of the atmosphere. 

ofTotaure fr° s ty weather moisture is almost always condensed 

on win- > upon the inside of the windows 9 f our apartments (during the 
night when the room is witjiout fire), in the form of dew or 
hoar frost. The glass, being a good radiator, is speedily 
cooled below the temperature of the room. Vapour from the 
air in the apartment is consequently condensed upon it, and 
it assumes the form of dew or hoar frost according to the teW* 
perature of the glass. This condensation is mucl^ipprc 
abundant when the window shutters are closed thajl, ^yjien 
they are left open. Because in the latter case the Motion 
from the different parts of the room upon the wind^p&upplics 
a considerable portion of the heat radiated by th^glass, and 
prevents the temperature from sinking so low. 

Formation 3. Dr Wells has shown, by a very happy induction, that the 
ice. formation of artificial ice in India depends upon the radiation 
of heat from the surface of the water. The nights which 
answer best for making this ice are clear and calm. The water 
is put in shallow pans, and it is so placed that the heat from 
the ground cannot easily penetrate to it. The congelation is 
usually greatest before sun-rise, and as dew is copiously de- 
posited it is obvious that no evaporation can take place from 
its surface; so that the explanation of this* process formerly 
given by Dr Black* namely, the cold produced by evaporation, 
is fallacious.* 

* From a passag&fn Josephus, De Bello Judaico, lib. iii. cap x., para- 
graph 7, it appearsjhat the making of artificial ice was practised by the Jews. 
Describing tjie lakfc of Gennesareth, he says, k«) rt piv ovk urelu 
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4. In this country it is not uncommon for cold nights to Chap, u. 
occur in the month of May, when the fruit trees are in bios- Use of mats 
som. In such cases careful gardeners are in the habit of plants?*^ 6 
covering up those trees and plants that would be injured by 
the cold, with mats, and the precaution is generally successful. 

These mats act simply by preventing the heat from escaping 
from the plant by radiation; as they radiate as much or 
almost as much back, as they receive from the plant. The 
cold weather is usually over before the mat is cooled down 
so low by the action of the air as to cease to compensate to 
the plant for the loss of its heat by radiation. 


CHAPTER IL 

v 

OF FLUIDITY. 


All the substances in nature exist either in the state ot 
solids, liquids, or gases, and the state depends upon the tem- 
perature to which they are exposed. There are many bodies, 
which in the common temperature of our atmosphere are 
solid; but which become liquid when exposed to a tempera- 
ture sufficiently high. Tin and lead are solid metals ; but they 
become liquid when exposed to a temperature below ignition. 

Sulphur melts at a still lower temperature ; and water be- 
comes liquid at so low a temperature that in this country it 
is very seldom in a solid state. , 

All the solid bodies with which we are acquainted are cap- 
able of being converted into liquids by temperatures which we fuwd, 
have it in our power to produce ; with one remarkable excep- diamond! 6 
tion,. namely, the diamond; which it has been hitherto impos- 
sible to melt by the application of heat. But this does not 
constitute a true exception to the general law, that all solids 

i\ai6yu<rfov t o<rt£ famous wxrot vrotuv t6og rug te The Uftlter 

of the lake exposed to the aspect of the sky during summer nights does 
not lose its snowy coldness ; but resembles the ice whiph the inhabitants of 
the country are in the habit of making during summer*” 
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f Cfr»p- **» may be rendered liquid by heat. Because the diamond* in con- 
sequence of some of its properties, cannot be exposed to a 
temperature so high as some other bodies 'can. Lime and 
magnesia were long considered as infusible by heat ; and it 
was not till they were exposed to the very high temperature 
produced by burning a mixed stream of oxygen and hydrogen 
gases that their refractory nature was overcome. But the 
diamond cannot be exposed to such a test, because it is a 
combustible body, and catches fire, and is consumed at com- 
paratively low temperatures. Nor can we expose it to a 
sufficiently high temperature to fuse it in close vessels ; be- 
cause with many substances, as iron, it combines when strongly 
heated with them, and because it is probably as refractory or 
more so than lime or magnesia, in vessels of which it cannot 
therefore be heated with any chance of fusion. Charcoal is 
in the same predicament with the diamond, because its nature 
is very nearly the same with that of the precious stone.* 

There is a vast difference in the temperatures requisite to 
fuse different solid bodies. Lime, magnesia, alumina, and 
the other earthy bodies, together with silica, are so refractory 
that they have been fused only in minute partite® by an igni- 
ted current of oxygen and hydrogen gases. J&Iatinum cannot 
be fused in our furnaces, but it yields ifcffore the blowpipe, 
urged by a stream of oxygen gas. Dr Cflarke, by his oxygen 
and hydrogen blowpipe, melted 100 grains of platinum, and 
kept it in fusion for some minutes. Iron may be melted in a 
good draught furnace. Mr Mushet in this way melted pieces 
of iron about half-an-ounce in weight ; and Sir George Mac- 
kenzie fixed its fusing point at 158° Wedgewood. Gold and 
copper melt easily in a wind furnace ; and silver may be fused 
in a common fire urged by a pair of bellows. Zinc and anti- 
mony melt at about a red heat ; lead, bismuth, and tin, at 
temperatures considerably lower; and the fusing point of 
mercury is so law that in this country we never see it in a 

* ( Dr Silliman is of opinion that he melted charcoal by exposing It to 
the intense heat of Dr •Hafre’a deflagrator. I repeated the experiment and 
obtained a microscopic bead ; .but it consisted of the earthy matters of 
which charcoal is never destitute. 
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solid states except when we expose it to thq action of a freez> Chap, it. 
ing mixture. 

It is no less true that all liquid bodies become solid when 
we expose them to a temperature sufficiently low. Thus water conged**.. 
in frosty weather is changed into ice* Olive oil becomes solids 
like tallow, when cooled down sufficiently low. Oil of tur- 
pentine requires a much more intense cold to freeze it ; but 
the weather is occasionally cold enough even in this country 
to cause it to congeal. Neither mercury nor sulphuric ether 
ever freeze in Great Britain. But they would have congealed 
in Melville island, where Captain Parry wintered; for the 
thermometer at some little distance from the ship stood at 
— 55°, which is about 10° degrees lower than the freezing * 
point of sulphuric ether. 

There is, however, one liquid which has nefer yet been 
frozen ; at least the evidence that it has been is somewhat 
unsatisfactory. This liquid is alcohol* Common spirits 
freeze in severe colds ; but absolute alcohol, or alcohol of the 
specific gravity 0*798, did not congeal when it was exposed 
by Mr Walker to a cold of — 90°. It was indeed announced 
in 1813, in the Edinburgh newspapers, and repeated in the 
scientific journals, that Mr Hutton had succeeded, Jby a pecu- 
liar process, which he kept secret, in congealing it by reduc- 
ing it to the temperature of — H0°. But Mr Hutton’s alco- 
hol was obviously weak. Professor Leslie, if I understand 
him rightly, exposed absolute alcohol to a cold of — 120* 
without observing any congelation.* 

Alcohol excepted (if it really constitute an exception), all 
liquids are converted into solids when exposed to a sufficiently 
low temperature; and the diamond excepted, all solids are 

* M. Bossy moistened a quantity of cotton with liquid sulphurous add 
(this acid liquefies at about — 10°), wrapped it round tho bulb of a thermo* 
meter in the receiver of an air-pump, and exhausted the receiver. The 
thermometer sank to — 90° *5. Mcohol of 0*85, exposed to the same 
action, became solid. It has been stated in a preceding part of this* vo- 
lume, that Muncke has calculated the point of congelation of absolute 
alcohol to be \ but Mr Kemp cooled it down to —163°, by 

I neans of solid carbonic acid, yet it still retained its liquid form* 
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Chap, ll. converted into liquids when exposed to a sufficiently high tem- 
perature. Fluidity then is a very general effect of heat, and 
heat is obviously the efficient cause of fluidity. The addition 
of heat converts a solid into a fluid, while the abstraction of 
heat converts a fluid into a solid. 

When we compare fluidity and expansion , we find this re- 
markable difference between them. Expansion take's place at 
every temperature, and is the constant concomitant df the 
addition of heat ; but fluidity never takes place till bodies 
are heated up to a particular degree. This point is constant 
in every particular body, so as to characterize and distinguish 
it from every other. If the body be usually solid, we call thp^ 
point at which it changes to a liquid the melting point ; but, 
when the body in the usual temperature of the atmosphere is 
liquid, the point at which it changes its state and becomes 
solid, is called its freezing point. Thus we talk of the melting 
point of lead, sulphur, and tallow, and of the freezing point of 
water, oil, mercury. 

As this point .constitutes a remarkable fact in the history of 
bodies, it will be worth while to exhibit a tabular view of the 
melting points of those bodies which have been determined 
with tolerable accuracy. 

Fahrenheit Observer. 

point** Cast iron melts at 2786° . . Daniell 

Silver with \ gold 2050 . . Princep* 

Copper . . 1996 . . Daniell 

Silver with gold 1920 . . Princep* 

Silver . . . 1873 . . Daniell 

Silver . . . 1830 . . Princep* 

Brass . . . 1869 . - Daniell 

Antimony - $ - 810 - . Mortimer 

Zinc . 773 . . Daniell 

Lead . . . . . 612 . * . Daniell 

Lead ... 606*5 . ' . Crichton, jun. 

Bismuth . . 497 . • Crichton, jun. 

Tin * . . - 442 . . Crichton, sen* 

: ■■■■■ *: . 

* Phil Trans. 182 8, p. 79. These melting points were measured 1 

the dilatation of air* . 
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Fahrenheit. 

Observer. 

1 atom lead + 1 atom tin 368 0, 6 . ; 

Rudberg* 

1 bismuth +.1 

tin 289-4 \ 

Rudberg 

1 zinc + 1 

tin 399*2 . . 

Rudberg 

Sulphur • . 

218 . . 

Irvine 

Bees’ wax (bleached) 

142 

Nicholson 

Spermaceti 

112 

Nicholson r 

Phosphorus 

108 . . * 

Thomson 

Tallow 

92 

Nicholson 

Olive oil 

36 


Ice 

32 


Milk 

30 


Vinegar . 

28 


Sea water 

27-5 . 

Nairne 

Blood 

25 


Wines 

20 # . . 


Oil of turpentine 

14 

Margueron 

Sulphuric acid . 

1 

Cavendish 

Mercury . 

—39 

Cavendish 

Nitric acid 

, —45-5 . 

C Fourcroy and 

Sulphuric ether 

—46 

• 

£ Vauquelin.f 


K In certain circumstances liquids may be cooled down 
several degrees below their freezing point before they begin 
to congeal. The late Mr Crichton, of Glasgow, observed that 
tin melted in a crucible may be cooled down to 438° or 4° 
below its freezing point ; but the instant it begins to congeal 
a thermometer plunged in it rises up to 442°, and continues 

* Ann. de Chim. et de Phys. xlviii. 369. 
f The following melting points of alloys of tin and lead (though they 
do not agree with those of Rudberg,), determined by M. Kupffcr, deserve 
to be recorded 


Tin. 

Alloy of 

* 

Lead. 


a 

' Point of (Vision. 

1 atom 

+ 

1 atom 

• 

466° 

2 

+ 

1 . 

• 

385 

3 

+ 

1 . 

• 

367. 

4 

+ 

1 

• 

372 

5 

+ 

1 . 

. 

381 


The compound of easiest fusion is that of 3 atoms tin and 1 atom land 
This compound changes its volume very little when the two metals are- 
fused together. The melting point of lead, according to Kupffer. is 633°, 
that of tin 446°. See Ann. de Chim. et de Phys. *1. 302. 
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Effect of 
salts in al- 
tering the 
freezing of 
water. 


at that point till the whole tin has become solid* I have 
cooled water in thermometer tubes to 8°, and once to 5°, be- 
fore it began to freeze. In all such cases, whenever the liquid 
begins to freeze, a thermometer plunged in it immediately 
starts up to the freezing point of the liquid, and continues at 
that point till* the whole liquid has congealed. The instant 
that any solid body is dropt into water cooled down below the 
freezing point, it begins to congeal. The nature of the solid 
seems to be indifferent : a pin, a grain of salt, a piece of 
vegetable, animal or mineral substance. Agitation, or even 
wind, provided all solid matter be excluded, does not seem to 
occasion the commencement of congelation. These phono- 
mena show an analogy between the separation of h 
elasticity. For the congelation is occasioned by the 
tion of a certain quantity of heat from the liquid. 

When salts are dissolved in water, it is well known that *it4 
freezing point is in most cases lowered. Thus sea-water 
does not freeze so readily as pure water. The experiments 
of Sir Charles Blagden have given us the point at which a 
considerable number of these solutions congeal. The result 
of his trials may be seen in the following table : the first 
column contains the names of the salts ; the second the quan- 
tity of salt, by weight, dissolved in 100 parts of water; and 
the third, the freezing point of the solution : — * 


Names of Salts. 

Proportion. 

Freezing point 

Common salt 

25 

4 

Sal ammoniac 

20 ’ . 

8 

Rochelle salt • 

Epsom salt, or sulphate of 

50 

21 

.magnesia 

41-6 . 

25*5 

Nitre .... 

12-5 . 

26 

Sulphate of iron 

41*6 . 

28 

Sulphate of zinc * « 

63-3 . 

. 28*6 


From this table it appears that common salt is by far the most 
efficacious in lowering the freezing point of water. A solu- 
tion of 25 parts of salt in 100 of water freezes at 4°. These 
solutions, like pure water, may be cooled down considerably 

• See PbiL Trans* 1788, p. 277. 
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below their freezing point without congealing ; and in that 
case the congelation is produced by means of ice, just as in 
common water, though more slowly. 

When the proportion of the same salt held in solution by 
water is varied, it follows, from Sir Charles Blagden’s experi- 
ments, that the freezing point is always proportional to the 
quantity of the salt. For instance, if the addition of T x tt th of 
salt to water lowers its freezing point 10°, the addition 
of ^ths will lower it 20° : hence, knowing from the pre- 
ceding table the effect produced by a given proportion of 
salt, it is easy to calculate what the effect of any other pro- 
portion will be. The following table exhibits the freezing 
points of solutions of different quantities of common salt in 100 
parts of water, as ascertained by. Blagden’s trials, and the 
same points calculated on the supposition that the effect is as 


the proportion of salt : — 



Quantity of salt to 

100 of water. 

Freezing point by 
experiments. 

Do. by calculation. 

3-12 

28 + 

• . 28-5 

4-16 

27-5 

27*3 

6*25 

25-5 

25 

#0*00 

21-5 

20-75 

12-80 

18-5 

17-6 

16-1 

13-5 

14 

20 

9-5 

9-8 

22-2 

7-2 

7 

25 

4 

. 4 


The experiments of Despretz # do not show the same re- 
gularity, as will appear from the following tables, showing the 
freezing points of solutions of anhydrous carbonates of potash 
and soda, and chlorides of sodium and calcium, in different 
proportions in water : — 


1. CARBONATE OF POTASH. 


Salt dissolved in 1000 water. 

6-173 

12-346 

24-692 


Freezing point. 

31°-66 

31-326 

30-606 
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Salt dissolved in 1000 water. 

Freezing point* 

37-039 

31«-703 

74-078 

31-532 

148-156 

30-488 

2. CARBONATE OF SODA. 

Salt dissolved in 1000 water. 

Freezing point. 

6-173 

31°-248 

12-346 

30-816 

24-692 

29-970 

3. CHLORIDE OF SODIUM. 

Salt dissolved in 1000 water. 

Freezing point. 

6-173 

31°-712 

12-346 

30-402 

24-692 

. * * . 29-462 

37-039 

28-184 

74-078 

24-188 

148-156 

14-440 

4. CHLORIDE OF CALCIUM. 

1 Salt dissolved in 1000 water. 

Freezing point 

6-173 ' . 

31o-284 

12-346 

30-726 

24-692 

30-146 

37-039 

29-102 

74-078 

25-592 

148-156 

15-962 


Of strong 
odds. 


3. The strong acids, namely, sulphuric and nitric, which 
are in reality compounds, containing various proportions of 
water according to their strength, bare been shown by Mr 
Cavendish, from the experiments of Mr Macnab, to vary in 
a remarkable manner in their point of congelation, according 
to circumstances. The following are the most important 
points respecting the freezing of these bodies that have been 
ascertained : — 

Whe^ these acids/' diluted with water, are exposed to cold, 
th& weakest part freezes, while a stronger portion remains 
liquid 5 so that by the action of cold, they are separated into 
two portions, differing very much in strength. This has been 
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termed by Mr Cavendish the aqueous congelation of these Chap.ii. 
bodies. 

When they are very much diluted, the whole mixture, when 
exposed to cold, undergoes the aqueous congelation ; and in 
that case, it appears from Blagden’s experiments, that the 
freezing point of water is lowered by mixing it with acid rather 
in a greater ratio than the increase of the acid. The following 
table exhibits the freezing point of mixtures of various weights 
of sulphuric acid, of the density 1*837 (temperature 62°), and 
of ni|ric acid of the density 1*454, with 100 parts of water : — 

Sulphuric Acid. Nitric Acid. 

Proportion of acid. Freezing point Proportion of acid. Freezing point. 

10 . 24-5 . 10 . 22 

20 . 12-5 . 20 . 10-5 

25 . 7*5 • 23-4 . 7* 

The concentrated acids themselves undergo congelation 
when exposed to a sufficient degree of cold ; but each of them 
has a particular strength at which it congeals most readily. 

When either stronger or weaker, the cold must be increased. 

The following table, calculated by Mr Cavendish from Mr 
Macnab’s experiments, exhibits the freezing points of nitric 


acid of various degrees of strength : — t 


Specific gravity. 

1*42 

Strength. 

568 

r cezing point. 

— 45*5 

Difference. 

. +15*4 Nitric acid. 

1-41 

538 

— 30-1 

. . +12 

1-39 

508 

- — 18-1 

+ 8*7 

1-37 

478 

— 9-4 

. + 5*3 

1-35 

448 

— 4-1 

+ 1-7 

1-33 

418 

— 2-4 

— 1-8 

1-31 

388 

— 4-2 

— S-5 

1-28 

358 

— 9-7 

— 8 

1-26 

328 

—17-7 

—10 ^ 

1-23 

298 

—27-7 

7 


The following table exhibits the freezing points of sulphuric 
acid of various strengths : — f 


* Phil. Trans. 1788, p. 303. t 

f The strength is indicated by the quantity of marble necessary to satu- 
rate 1000 parts of the add. Phil. Trans. 1788, p. 174. * 

1 Phil. Trans. 1788, p, 181. 
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Specific gravity. 

e Strength. 

Ereeaihg point. 

1*837 

977 

+ i. 

1-827 

918 

—26 

1-770 

846 

+42 

1-670, . 

758 

—45 


Mr Keir had previously ascertained that sulphuric acid of 
the specific gravity 1*780 (at 60°) freezes most easily, requir- 
ing only the temperature of 46°. This agrees nearly with the 
preceding experiments, as Mr Cavendish informs us that 
sulphuric acid of that specific gravity is of the strength 848. 
From the preceding table we see, that besides this strength 
of easiest freezing, sulphuric acid has another point of contrary 
flexure at a superior strength ; beyond this, if the strength be 
increased, the cold necessary to produce congelation begins 
again to diminish. 

4. Before Dr Black began to deliver his chemical lectures 
in Glasgow, in 1757, it was universally supposed that solids 
were converted into liquids by a small addition of heat after 
they have been once raised to the melting point, and that they 
returned again to the solid state on a very small diminution of 
the quantity of heat necessary to keep them at that tempera- 
ture. An attentive view of the phenomena of liquefaction and 
solidification gradually led this sagacious philosopher to ob- 
serve their inconsistence with the then received opinions, and 
to form another, which he verified by direct experiments. He 
drew up an account of his theory, and the proofs of it, which 
was read to a literary society in Glasgow on April 23, 1762 ;* 
and evqry year after, he gave a detailed account of the whole 
doctrine in his lectures. 

The opinion which he formed was, that when a solid body 
is converted into a liquid, a much greater quantity of heat 
enters into it than is perceptible immediately after by the ther- 
mometer. This great quantity of heat does not make lihe body 
apparently warmer, but it must be thrown into it in order to 
convert it into a liquid ; and this great addition of heat is the 
principal and most immediate cause of the fluidity induced. 


* Black’s Lectures, preface* p* 38, 
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On the other hand, when a liquid body assumes the form of a Chap, n. 
solid, a very great quantity of heat leaves it without sensibly 
diminishing its temperature ; and the state of solidity cannot be 
induced without the abstraction of this great quantity of heat# 

Or, in other words, whenever a solid is corfverted into a fluid, it 
combines with a certain dose of heat, without any augmentation 
of its temperature ; and it is this dose of heat which occasions 
the change of the solid into a fluid. When the fluid is con- 
verted again into a solid, the dose of heat leaves it without 
any^iminution of its temperature ; and it is this abstraction 
which occasions the change. Thus the combination of a cer- 
tain dose of heat with ice causes it to become water, and the 
abstraction of a certain dose of caloric from water causes it to 
become ice. Water, then, is a compound of ice and heat; 
and in general, all fluids arc combinations offfl! solid to which 
they may be converted by cold, and a certain dose of heat. 

Such is the opinion, concerning the cause of fluidity, taught 
by Dr Black as early as 1762. Its truth was established by 
the following experiments : — 

First . If a lump of ice, at the temperature of 22°, be brought Proved by 
into a warm room, in a very short time it is heated to 32°, the ment. 
freezing point. It then begins to melt ; but the process goes 
on very slowly, and several hours elapse before the whole ice 
is melted. During the whole of that time its temperature 
continues at 32° ; yet as it is constantly surrounded by warm 
air, we have reason to believe that heat is constantly entering 
into it. Now, as none of this heat is indicated by the thermo- 
meter, what becomes of it, unless it has combined with that 
portion of the ice which is converted into water, and unless it 
is the cause of the melting of the ice ? 

Dr Black took two thin globular glasses, four inches in dia- 
meter, and very nearly of the same •weight. Both were fiDed 
with water ; the contents of the one were frozen into a solid 
mass of ice, the contents of the other were cooled down to 
33°; tha two glasses were then suspended in a large room at 
a distance from all other bodies, the temperature of the* air 
being 47°. In half-an-hour the thermometer placed in the 
water glass rose from 33° to 40°, or seven degrees : the ice 




Chap, it. wqs at first four or five degrees colder than melting snow ; but 
in a few minutes the thermometer applied to it stood at 32°. 
The instant of time when it reached that temperature was noted, 
and the whole left undisturbed for ten hours and a half. At 
the end of that tinie the whole ice was melted, except a very . 
small spongy mass, which floated at the top and disappeared 
in a few minutes. The temperature of the ice-water was 40 p . 

Thus 10 \ hours were necessary to melt the ice and raise 
the product to the temperature of 40°. During all this time, 
it must have been receiving heat with the same celerity as the 
water glass received it during the first half-hour. The whole 
quantity received then was 21 times 7, = 149°, • but its tempe- 
perature was only 40° : therefore 139 or 140 degrees had been 
absorbed by the melting ice, and remained concealed in the 
water into whicVit had been converted, its presence not being 
indicated by the thermometer.* 

That heat is actually entering into the ice, is easily ascer- 
tained by placing the hand or a thermometer under the vessel 
containing it. A current of cold air may be perceived descend- 
ing from it during the whole time of the process. j 
But it will be said, perhaps, that the heat which enters 
into the ice does not remain there, but is altogether destroyed. 
This opinion is refuted by the following experiment - 
Second. If when the thermometer is at 22°, we qxpose a 
vessel full of water at 52° to the open air, and beside it another 
vessel full of brine at the same temperature, with thermometers 
in each ; we shall find that both of them gradually lose heat, 
and are cooled down to 32°. After this the brine (which does 
not freeze till cooled down to 4°) continues to cool without 
interruption, and gradually reaches 22°, the temperature 
of the air ; but the pure water remains stationary at 32°. 
It freezes, indeed, but very slowly ; and during the whole pro- 
cess its temperature is 32°. Now, why should the one liquid 
refuse all of a sudden to give out heat, and not the other ? 
Is it not much more probable that the water, as it freezes, 
gAdually gives out the heat which it had absorbed during its 


* Black’s Lectures, i. 120. 
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liquefaction ; and that this evolution maintains the temperature c bap, fi. 
of -the water at 32°., .notwithstanding what it parts with to the 
air during the* whole process ? We may easily satisfy our- 
selves that the water while congealing is constantly imparting 
heat to the surrounding air ; for a delicafb thermometer sus- 
pended above it is constantly affected by an ascending stream 
of air less celd than the air around.* The following experi- 
ment, first made by Fahrenheit, and afterwards often repeated 
by Dr Black and others, affords a palpable evidence, that 
such an evolution of heat actually takes place during con- 
gelation : — 

Third . If, when the air is at 22°, we expose to it a quantity 
of water in a tall beer glass, with a thermometer in it and 
covered, the water gradually coojs down to 22° without freez- 
ing. It is therefore 10° below the freezing point. Things 
being in this situation, if the water be shaken, part of it in- 
stantly freezes into a spongy mass, and the temperature of the 
whole instantly rises to the freezing point ; so that the water 
has acquired ten degrees of heat in an instant. Now, whence 
came these ten degrees ? Is it not evident that they must 
have come from that part of the water which was frozen* 
and consequently that water in the act of freezing gives out 
beat? 

From a good many experiments which I have made on water 
in these circumstances, I have found reason to conclude, that 
the quantity of ice which forms suddenly on the agitation of 
water, cooled down below the freezing point, bears always a' 
constant ratio to the coldness of the liquid before agitation. 

Thus I find that when water is cooled down to 22°, very* nearly 
yjth of the whole freezes ;f when the previous temperature is 
27°, about ^th of the whole freezes. I have not been able to 
make satisfactory experiments in temperatures lower than 22 ° ; 
but from analogy I conclude, that for every five degrees of . 
diminution of temperature below the freezing point, without 
congelation, 7 ^th of the liquid freezes suddenly on agitation* 
Therefore, if water could befooled down 28 times five degrees 

f A medium of several experiments. 

M 


Black’s Lectures, i« 127. 
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il below 32° without congelation, the whole would congeal in- 
stantaneously on agitation, and the temperature of the -ice 
would be 32°. Now it deserves attention that 5 X 28 =t 140, 
gives us precisely the quantity of heat which, according to 
Dr Black’ s experinfents, enters into ice in order to convert it 
into water r hence it follows, that in all cases when water 
is cooled down below 32°, it loses a portion of the heat which 
is necessary to constitute its liquidity. The instant that such 
water is agitated, one portion of the liquid seizes upon the 
quantity of calorie in which it is deficient, at the expense of 
another portion, which, of course, becomes ice. Thus, when 
water is cooled down to 22°, every particle of it .wants 10° of 
the heat necessary to keep it in a state of liquidity. Thirteen 
parts of it seize ten degrees each from the fourteenth part. 
These thirteen of course acquire the temperature of 32° ; and 
the other part being deprived of 10 X 13 = 130, which, with 
the ten degrees that it had lost before, constitute 140°, or the 
whole of* the heat necessary to keep it fluid, assumes of conse- 
quence the form of ice. 

Fourth. If these experiments should not be considered as 
sufficient to warrant Dr Black’s conclusion, the 
which we are indebted to the same philosopher, 
of his opinion beyond the reach of dispute. ] 
gether given weights of 'ice at 32° and water at 104° 
perature. The ice was melted in a few seconds, and the 
temperature produced was 53°. The weight of the ice was 
Tlfr half-drams ^ 

That of the hot water . . 135 

of the mixture . . . 254 

of the glass vessel . . 16 

Sixteen parts of glass have the same effect in heating cold 
bodies as eight parts of equally hot water. Therefore} 
instead oi’jsf# 1<> half-drams of glass, eight of water may be 
fttbktituted, which makes the hot water amount to 143 half- 
drams. 

* « 

In tins experiment there were 158 degrees of heat contained 


following, fm 
puts thcjftf 
ie mixedT to*- 
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in the hot water to be divided between the ice and water. Chap. u. 
Had they been divided equally, and had the whole been after- 
wards sensible to the thermometer, the water would have re- 
tained parts of this heat, an( * ^ ie lce would have received 
parts. That is to say, the water would have retained 
86°, and the ice would have received 72° : and the tempera- 
ture after mixture would have been 104°. But the temper j- 
ture by experiment is found to be only 53°; the hot water lost 
137°, and the ice only received an addition of temperature 
equal to 21°. But the loss of 18° of temperature 'in the 
water is equivalent to the gain of 21° in the ice. Therefore 
158° — 18%= 140° of heat have disappeared altogether from 
the hot water. These 140° must hdve entered into the ice, 
and converted it into water withput raising its temperature. * 

In the same manner, if we take any quantity of ice, or, 

(which is the same thing) snow at 32°, and mix with it an 
equal weight of water at 172°, the snow instantly melts, and 
the temperature of the mixture is only 32°. Here the water 
is cooled 140°, while the temperature of the snow is not in- 
creased at all; so that 140° of heat have disappeared. They 
must have combined with the snow ; but Aey have only melted 
it without increasing its temperature : hence it follows irre* 
sistibly, that, ice, when it is converted into -water, absorbs and 
combines with heat. 

It is rather difficult to ascertain the precise number of de- 
grees of heat that disappear during the melting of ice : hence 
different statements have been given. Mr Cavendish, who 
informs us that he discovered the fact before he was aware 
that it was taught by Dr Black, states them at 150° ;f Wilke 
at 130° ; Black at 140° ; and Lavoisier and Laplace, at 135°. 

The mean of the whole is very nearly I40 9 «* 

Water, then, after being cooled down to 32°, cannot freeze Latent heat 
till it has parted with 140° of heat $ and ice, after being heated ° f watei ' 
to 32°, cannot melt till it has absorbed 140 o of heat- This 
is the cause of the extreme slowness of these operations. With 
regard to water, then, there t can be no doubt that it owes its 

t Phil. Trans. 1738, p* 313. 


* Black’s Lectures, i. 123. 
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- Chap, n, fluidity to the caloric which it contains, and that the caloric 
necessary to give fluidity to ice is equal to 140°. 

To the quantity of heat which thus occasions the fluidity of 
solid bodies by combining with tljpm, Dr Black gave the name 
of latent heat, because its presence is not indicated by the ther- 
mometer : a term sufficiently expressive; but other philosophers 
have rather chosen to call it caloric of fluidity . • 

Dr Black and his friends ascertained also, by experiment, 
that the 'fluidity of melted wax, tallow, spermaceti, and metals, 
is owing to the same cause. Landriani proved that this is 
the case with sulphur, alum, nitre, and several of the metals ;* 
dud it has been found to be the case with evegy substance 
hitherto examined. Wfe may consider it therefore as a general 
law, that whenever a solid is converted into a fluid, it combines 
with heat, and that this is the cause of its fluidity. 

Latent heat 5. The only experiments made to determine the latent heat 
-bodies? 7 of other bodies besides water, are those of Dr Irvine, t his 
son,J and M. Rudberg.§ Rudberg indeed states, that Dr 
Black had ascertained the latent heat of tin to be 500°, ajj 
that of wax to be 175°. But these experiments were : 
by Irvine, not Black*; and Rudberg has mistaken thej 
of Dr Irvine’s conclusions. 500° do not constitu 
ber of degrees that the same weight of water wot) x ^ v . 
but the increase of temperature which the lateflwKeafor*fm 
would produce in the tin if it were to be thrown into the Solid 
.tin without mejlting it. The same remark applies to his ex- 
periments on wax. 

Irvine’s experiments were made by pouring the melted 
bodies (reduced as nearly as possible to the melting point) 
into water, and observing the rise of temperature in that 
liquid* Rudberg’s method was to put the melted metals into 
a vessel surrounded with snow, to prevent any access of heat 
from without, and observing the time that each took to cool 
10<>,j^itrhiding the point of becoming solid,) compared with the 
time u> produce the same diminution of temperature in mer- 



* Jour, de Phys. xxv.* f Black’s Lectures, i. 187. 

t Nicholson’s Jour. ix. 45. § Ann. do Chira. et de Phys. xl\iii. 353. 
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cury placed in the sarnie situation. ‘From this time hecal- outp. ii. 
culated the latent heat. '* 

Let the weight of mercury = in ; its specific heat = e. c The 
heat lost in sinking ten degrees will he 10 me. 

' The other metal loses not only its latent heat, but also 
(like the mercury) the heat which escapes while the thermo- 
meter is sinking 10°. # 

Let its weight be M, its latent heat = L, its specific Heat 
at the moment of solidification = C. Its total loss of heat will 
be = (M L + 10 C). 

Let'f be the time which the mercury takes to sink 10°, and 
Tthe corresponding time; when the crucible contains the other 
metal, we have M (L + 10 C) : 10 me ss T: i; or, if we wish 
to reckon the loss of heat of the crucible itself, its mass being 
= m, and its specific heat c", 

M (L + 10 C) + 10 pd’: 10 (me + &£’) = Tit, 

wsn+pr _,o( c+ t,,). 

It is obvious that this formula is not quite exact ; because 
the crucible, when filled with mercury, is constantly coolings 
while the thermometer is sinking the 10° ; whereas it remains 
unaltered during the greatest part of that time when the 
other metal is in it. But the error from this source cannot 
be great. 

The following table exhibits the results obtained by these* 
experiments: — 

LATENT HEATS. 

Referred. to the bodies. Referred to water. 


Ice . . 

140° . 

. 140° 

Sulphur 

143-68 . 

27*14 

Spermaceti 

145 

■ : 

Lead 

. 162 . 

5-6 

Ditto 

• • 

. . 10-93* 

Bees’ wax . 

175 

• ... 


1 Rudberg. 
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Freezing 

mixtures 

explained. 


Zinc*. 
Tin. . 
Ditto 
Bismuth 


Referred to the bodies. 

493 

500 

550 


Referred to water. 

48*3 

33 

24 - 85 * 

23-25 


• The latent heat of spermaceti, wax, and tin, were deter- 
mined by Dr Iryine ; that of the rest by his son. The latent 
heat in the second column expresses the degrees by which it 
would hare increased the temperature of each of the bodies 
respectiiely when solid, except in the case of spermaceti and 
wax ; in them it expresses the increase of temperature which 
would have been produced upon them while fluid. 

6. Dr Black has rendered it exceedingly probable also, or 
rather he has proved by his* experiments and observations, 
that the softness of such bodies as are rendered plastic by 
heat depends upon a quantity of latent heat which combines 
with them. Metals also owe their malleability and ductility 
to the same cause : hence the reason that they become hot . 
and brittle when hammered. 

It is greatly to be regretted that this interesting su 
has not been farther prosecuted. Meanwhile the * 
we have already gained will enable us to account for mfeny 
important natural phenomena. It will be worth while to give 
a few examples. 

1. It is well known that there are certain substances which, 
when mixed together, induce a considerable cold. These 
substances are lised for the purpose under the name of freez- 
ing mixtures . Snow and salt are two such substances. If we 
mix them together in about equal quantities in a g^ass or 
stoneware vessel, a thermometer plunged into the mixture 
sinks down to zero, and continues at this low. temperature for 
a considerable time. There is reason to believe that this im- 
por&fit experiment, winch has added so much to the enjoy- 
ment of Ihe rich in hot climates, was first made by Sanctorio, 
about the close* of the sixteenth century. Nitre and snow had 
been already used as a freezing mixture by the Italian pa 3 try- 


* Kudberg. 
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cooks ; but Sanctorio informs us in Ins commentary on Avi- Ch»IT, 
cenna that he produced the same effect by substituting com- 
mon salt for nitre, in the proportion of three parts snow to 
one part of salt ; and that he had repeatedly performed tho 
experiment before numerous audiences. 

A still greater diminution of temperature is produced by 
pouring nitric acid, previously diluted ^ith water, upon snow* 

And when dry snow and dry blond* 1 of cal< ium (retaining its 
water of crystallization) in the proportion of one part of the 
former to two parts or th. hit or are mixed, so great a cold is 
produced that mercury muv easily be frozen by it even in a 
warm room. 

The first person who made experiments on freezing mixtures 
was Fahrenheit. But the ** ibjcct wa- much more completely 
investigated by Mr Walker, in various papers published in 
the Philosophical Transaction* f/o 1^87 to 1801. Several 
curious additions have been made by Professor Lowitz. The 
experiments of Lowitz have been repeated and extended by 
Mr Walker.* The result of these experiments may be seen 
in the following tables, w hicli i transcribe from a paper with 
which I have been favoured by Mr Walker : — 


* Phil. Trans. ltfOl, p. P2Q. 



HEAT. 


TABLE l.—Frigorific Mixtures without Ice . 


Mixtures. 

s 

Thermometer sinks. 

Degree of 
cold pro. 
duccd. 

Parts 

Muriate of ammonia . 5 
Nitrate of potash . . 5 
Water 16 

From + 50° to + 10°. 

40 

Muriate of ammonia . 5 
Nitrate of potash . . 5 
Sulphate of soda . . 8 
Water 16 

From -J- 50° to + 4°. 

46 

Nitrate of ammonia . 1 

Water 1 

From + 50° to + 4°. 

46 

Nitrate of ammonia • 1 

Carbonate of soda . . 1 

Water 1 

From + 50° to — 7°. 

57 

Sulphate of soda . . 3 
Diluted nitric acid . 2 

From + 50° to — 3°. 

53 

Sulphate of soda • . 6 

Muriate of ammonia . 4 
Nitrate of potash . . 2 

Diluted nitric acid . 4 

From + 50° to — 10°. 

i * 

60 ,> 

Sulphate of soda • . 6 
Nitrate of ammonia . 5 
Diluted nitric acid . 4 

From + 50° to — 14®. 

64'** 

Phosphate of soda . . 9 
Diluted nitric acid . 4 

From + 50° to — 12°. 

62 

Phosphate of soda . • 9 
Nitrate of ammonia . 6 
Diluted nitric acid ♦* 4 i 

From + 50®“ to~c— 21®. 

71 

Sulphate of soda • . 8 
Muriatic acid . . . 5 

From + 50° to 0°. 

' 5<r 

* — 

Sulphate of soda . . 5 
Diluted sulphuric acid 4 

From + 60° to ^ 3°. 

47. 


N. B — If the materials are mixed at a warmer temperature than that ex- 
pressed in tlie table, tbe effect Will be proportionally greater $ thus if tbemost 
powerful of these mixtures be made, when the air is 4 1 it will sink the ther- 
mometer to 9°. 



TABLE II . — Frigorific Mixtures with Ice. 


Mixture!. 

Thermometer sinki. 

Degree of 
cold pro. 
duoed. 

Parts 

Snow, or pounded ice 2 
Muriate of soda • . 1 

From any Temperature . 

- -A 

o" 

1 

3 

a . 

* 

Snow, or pounded ice 5 
Muriate of soda . • 2 
Muriate of ammonia . 1 

0 

1 

to 

* 

Snow, or pounded ice 24 
Muriate of soda . .10 
Muriate of ammonia . 5 
Nitrate of potash . • 5 

o- 

00 

1 

o 

- 4 -> 

• 

* 

Snow, or pounded ice 12 
Muriate of soda • . 5 
Nitrate of ammonia . 5 

to — 25°. 


Show 3 

Diluted sulphuric acid 2 

From + 32° to — 23°. 

^ 55 

Snow 8 

Muriatic acid ... 5 

From 4. 32° to — 27°. 

59 

Snow 7 

Diluted nitric acid . 4 

From + 32° to — 30°. 

62 

Snow ...... 4 

Muriate of lime . . 5 

1 

From + 32° to — 40°* 

72 

Snow 2 

yet. muriate of lime 3 

From + 32<> to — 30®. 

82 

Snow 3 

Potash 4 

From + 32° to — 51°. 

83 




wo 
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TABLE Ills— Combinations of Frigorific Mixtures. 


Mixtures. 

Thermometer sinks. 

Degree of 
cold pro. 
duced. 

Parts 

Phosphate of soda . 5 
Nitrate of ammonia . 3 

Diluted nitric acid . 4 

From 0 U to — 34°. 

34 

Phosphate of soda • 3 
Nitrate of ammonia . 2 

Diluted mixed acids . 4 

From — 34° to — 50°. 

16 

Snow . .... 3 
Diluted nitric acid • 2 

From 0° to — 46°. 

46 

Snow 8 

Diluted sulph. acid 3 1 
Diluted nitric acid 3 J 

From — 10° to — 50°. 

9 

46 

Snow 1 

Diluted sulphuric acid 1 

From — 20° to — 60°. 

40 

Snow 3 

Muriate of lime . . 4 

From + 20° to — 48°. 

68 

Snow 3 

Muriate of lime . . 4 

From + 10° to ■— 54°. 

64 

Snow 2 

Muriate of lime . . 3 

From— 15° to — 68°. 

53 

Snow 1 

Cryst. muriate of lime 2 

Prom 0° to — 66°. 

66 

Snow 1 

Cryst. muriate of lime 3 

From — 40° to — 73°. 

i O 

33 

Snow 8 

(♦Diluted sulphuric acid 10 

From — 68° to — 91°* 

23 



FLUIDITY* 


m 


f In ordc^ to produce these effects, the salts employed must Chap* 11. 
* be fresh crystallized, and newly reduced to a very fine powder* 

The vessels in which the freezing mixture*is made 
very thin, and just large enough to hold it, and 
should be mixed together as quickly as possible, 
to he employed in order to produce great cold 
first reduced to the temperature marked in the table, by 
them in some of the other freezing mixtures ; and then they 
are to be mixed together in a similar freezing mixture. If, 
for instance, we wish to produce a cold = — 46°, the snow and 
diluted nitric acid ought to be cooled down to 0°, by putting 
the vessel which contains each of them into the first freezing 
mixture in the second table before they arc mixed together. 

If a still greater cold is required,, the materials to produce it 
are to be brought to the proper temperature by being previ- 
ously placed in the second freezing mixture. This process is 
to be continued till the required degree of cold has been pro- 
cured.* 

It is sometimes a matter of convenience to produce cold 
when we have no snow or ice. This*may be done by dis- 
solving rapidly any salt containing much water of crystalliza- 
tion. Glauber salt is one of the most convenient, and dilute 
muriatic acid or sulphuric acid the most suitable liquid to dis- 
solve it in. The following experiments by Professor Bischof, 
of Bonn, will enable the reader to judge of the degree of cold 
which may be produced in this way : — 



Mixture. 

(1) * 500 gr. Sulphuric acid 

500 gr. Water 
1250 gr. Glauber salt 

(2) 500 gr. Sulphuric acid 

ST50 Water 

1560 Glauber salt 

(3) 500 gr. Sulphuric acid 

635 Water 

1400 Glauber salt 

(4) 500 gr. Sulphuric acid 

208 Water 

885 Glauber salt 


Sinks the thermometer. 
From To 


54 u, 5 l6°-25 

54-5 22-44 

54-5 20-19 

54-5 14 


Cold produced. Cold pro. 

. lluvttl by 
UlMOiViug 
buipiidie of 

qq.Oo* ******** 
39 40 lute buA . 

pnuncacid. 

32-06 


34-31 


40-5 



HEAT. 


17 * - 




Mixture. 


.Sinks the thermometer ’ i 

IsW-m Trt j 

ColdtndwM, 

(5) 

500 

gr. Sulphuric acid 


' • 



500 

.Water 





1250 

Tjrlauber salt 

54-5 

10| 

.44-- 

(6) 

« 500 

gr. Sulphuric acid 


« 


; 300 

, Water 




* 

' 990 

Glauber salt 

54*5 


47*25’ 

(7) 

500 

gr* Sulphuric acid 



4 

250 

Water 





937 

Glauber salt 

54-5 

7i 

47*25 

(8) 

500 

gr. Sulphuric acid 




500 

Water 




(9) 

1000 

500 

Glaubapfsalt 
gr. Sulphuric acid 

54-5 

7i 

47*25 


416 

Water 





1150 

Glauber sadt 

54-5 

6* 

48*4 

(10) 

500 

gr. Sulphuric acid 
Water * 




333 





1040 

Glauber salt 

54-5 

5 

49*5 


, The acid and water must be previously mixed and allowed 
to cqoI, before the glauber salt be added. It should 'hp' lb 
powder, but retaining all its water of crystallization.*' 5 ', ll 

All substances whidi produce cold on mixture^ act cihemi- 
cally on each other. They are either both scdh^lr at least 
one of them is solid, and they begin to liquefe^i? as they 
are mixed. Indeed every mixture th^,*fgjjmef&tes cold, con- 
tains a considerable quantity of wdter in a- Solid state, and 
consequently destitute of its latent heat. This is the case 
■with snow, which is almost always a constituent of every 
freezing mixture. Chloride of calcium in crystals contains , 
more than half its weight of solid water. Now, whenever the 
two substances so mixed begin to act on each other, the ten- 
dency to liquefaction is greatly increased. The degree of 
cold is always proportional to the rapidity of the liquefaction ; 
hence snow and chloride of calcium or potash, which liquefy 
immediately on mixture, produce a much greater cold than 
snow and common salt, which liquefy very slowly. But the 
cold produced by the former mixtures continues a much shorter 
time than that produced by the latter. 

In proportion as the solid bodies become liquid they must 

* Schweigger’s Iabrbuch, j#fc. 970, 
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absorb latent heat. This they can only obtain from the bodies Chap. ir. 
in the neighbourhood : hence they absorb heat with aridity 1 

from all bodies in contact with them. But when’a body 
absorbs heat from those in contact with-it, we say that it is 
cold; and the more rapidly it absorbs heat the colder it is. 

2. There are many salts which dissolve in hot water in 
considerably greater quantity than in cold water. If such hot 
solutions be set aside till they cool, the excess of salt which 
they contain will be deposited in crystals, and no more will 
remain in solution than cold water is capable of taking up. 

But' in some rare instances it happens that if the hot solution Heat pro- 
be put into a phial and corked up and allowed to cool without sudden 
agitation, no crystals will be deposited, so that we obtain a ^J^ talliza * 
cold solution holding more salt than water of the same tem- 
perature is capable of dissolving. But the moment we draw 
o^tt the. cork from the phials containing them, a quantity of the 
salt suddenly crystallizes, and the temperature of the liquid 
at the same time rises. Carbonate of soda and sulphate of 
soda constitute two such salts. 

To form a solution of carbonated soda which may be cooled 
down to 50° without crystallizing in a close phial, but which 
deposits crystals when tlie cork is drawn, wc have only to dis- 
solve one ounce of anhydrous carbonate in 4*22 ounces of hot 
water. When such a solution is agitated by drawing the 
Cork at the temperature of 50°, a copious precipitate of small 
crystals in the form of stars takes place ; and thp temperature 
of the solution is elevated 14°. The crystals deposited in 
this case, supposing them anhydrous, weigh 123*15 grains, 
tlie water of crystallization belonging to which is 223*6 grains. 

^the whole weight of the liquid and phial (substituting for the 
glass the requisite weight of water) was 2149*5 .grains. Of 
which 223*6 grains make 15 i>7 part. Now, if this water of 
crystallization had given out the whole of its latent heat, this 
evolution would have raised the temperature to 14°*96. Thus 
we see that the elevation of temperature in this case is owing 
to the latent heat given out by the water when it becomes solid 
by uniting to the precipitated salt. 

xo form a*solutidfe of sulphate of soda possessing the 
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Chap. XL requisite properties, we must dissolve 51 parts of the crystals 
in 49 parts of hot water. When such a solution is allowed to 
cool in a corked phial* if we draw the cork it begins immedi- 
ately to crystallize on the surface, and the crystals shoot 
slowly till they reach the bottom of the phial. The whole 
liquid appears converted into fibrous crystals ; hut, in reality, 
two4hirds of the salt are deposited in crystals, and one-third 
remains in solution. WTien the weight of the solution of sul- 
phate of soda was 2118 grains, and that of the phial 1032 
grains, the increase of temperature was 24°. The crystals of 
salt deposited weighed 713 grains, the water of crystalliza- 
tion of which amounts to 399 grains ; the weight of the solu- 
tion and phial are equivalent to 1752 grains of water. Now* 
399 is about ^ of 1752. § And 24°x4-39=:105 o -36. This 
is 34°| less than the latent heat of the water of crystallization. 
The reason of this is, that the crystals deposited at first da 
not amount to 713 grains, but only to 530 grains; the 
evolution of heat preventing the 183 residual grains from be* 
ing deposited, till the liquid cools. Now, the water of cryfc* 
tallization of 530 grains of» the salt is only 300- grains, 
stituting of the whole. Now, 24° X 5 # 83 = 139°Jffi:=5 
very nearly to the latent heat of the water of crystallisation* 
Thus we see that the heat evolved in these cases of crjjMalli- 
zation is owing chiefly, if not entirely, to the water oft crystal- 
lization giving out its latent heat at the instant x*l>ecomes 
solid.* 

The reason why these two salts remain in solution, must be 
the strong affinity which the water has for heat. In like 
manner, both sulphur and phosphorus often remain liquid fit 
the common temperature of the atmosphere ; but when touched 
with a rod, they give out heat and become su&L 

3. Iron, copper, gold, silver, and one or two other metab, 
are both malleable and ductile. They may be flattened 
under the hammer and drawn out into wire, by being squeezed 
through holes drilled in a steel plate. Now* when any of 

* The specific, h'etft ofa fflirated solution of carbonate of soda is about 
0*75 ; that of a sa{ffrfcted‘ sekition of sulphate of soda about 0*73. The 
specific heat of the phial lf£s reckoned 0*2. r * 



VAPORIZATION • 175 

these metals have been hammered for some time so as to in- Chop, m. 
crease its surface, to a certain amount it becomes brittle. If 
we still continue to hammer it, instead of extending farther, 
it cracks and splits and breaks in pieces. To restore the Annading 

r 1 explained. 

malleability, we must heat the piece of metal in the fire ana 
allow it to cool slowly. This process is called annealing . 

Now, there is a circumstance which always accompanies 
the hammering of metals, or the drawing them out into wires 
or plates. They become hot ; sometimes even red hot, dad 
usually so hot that they burn the fingers. Thus it appears 
that the forcing out of heat occasions brittleness in these 
metals. And to restore the malleability and ductility, we 
must heat them artificially, and allow them to cool slowly; 
that is to say, we must again restore the heat which had been 
forced out. Thus malleability and ductility would seem to 
depend upon a certain quantity of latent heat in the metals 
which possess these qualities ; and the process of annealing is 
merely the restoration of this latent heat after it has been 
separated. If annealing consisted in merely heating metals 
without adding any foreign heat, there is no visible reason 
why an iron rod which has been heated to redness by hammer- 
ing should require annealing ; for it is already as hot as is 
required by the annealing process. Yet, it is well known, 
that iron which has heen made red hot by hammering, has 
lost its malleability, and that it cannot be hammered again, till 
it has been annealed. 


CHAPTER III. 

OP VAPORIZATION. 


By vaporization is meant the property which heat, has of 
changing liquid bodies into vapours. I shall divide this chapi- 
ter into three sections. In the first we shall treat of vapoiHrs, 
imthe second; of gases, and in the third of spontaneous tvapor- 





Chip, i fir. 


SECTION I.— OF VAPOURS. 


Nature of Vapour is an extremely rare, light, and expansible body, 
like air; and capable, like it, of being easily reduced into less 
space by external pressure, and resisting, like it, the force which 
thus compresses it.^ Suppose a single tea-spoonful of water 
to be put into a glass globe capable of holding several gallons, . 
and exhausted of air. If heat enough be applied to the globe, 
v the water gradually diminishes in bulk, and at last disappears, 

so that the vessel will appear , empty ; yet it is completely 
filled with the water now existing in the state of transparent 
and invisible vapour. By increasing the heat, we increase 
the expansive force of this vapour; and we may increase it 
till it burst the globe and shatter it in pieces. 

1. A glass jar capable of holding 100 cubic inches be 
• ' filled with mercury, and placed inverted into a basin of ml 
cury, if we let up into it about 19 grains of water, and raise 
the temperature to 212° the water will disappear, being con- 
verted into vapour, and the mercury will at the same time sink 
to the bottom of the jar, the 19 grains of water converted into 
•vapour occupying the volume of 100 cubic inches. The bulk 
into which water expands by the ordinary boiling heat, pro- 
ducing a steam equally elastic with common air, is very great. 
■' a But it was very much overrated at first. Dr Desaguliers 

reckoned the expansion 14,000 times the original bulk. Mr 


Dilatation Watt was the first person who determined it with an approach 
to accuracy . From his experiments he drew^ as a consequence* 
^•! oS^ — fhat water when converted into steam increases in bulk 1800 


times. From the experiments of Guy-Lussac it appears tlflt 
the specific gravity of steam is 0*625, that of air being 1. If, 
therefore, 100 cubic inches of air weigh 31*1446 grains, as 
follows from the experiments of Biot and Arago, it is obvious 
that the same volume of steam will weigh 19*465 grains. 


J Now, a cubic inch of water at 60° weighs 252?52 grains. It 

uM- /is obvious that 252*52 grains of water, when converted into 
••••'"^steam, would occupy 1297*3 cubic inches, wh^h, therefore, 

I l^^’^'shuuld be the true increase of volume when water ;ip converted 
_ ^ jnt^ steara* But if 0*625 be the specific gravity of steam at 
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212° compared with that of air, reckoned 1 at the same tern-* 
perature, then the expansion will be greater, and will approach 
nearly to the determination of Mr Watt. For on that sup- 
position the specific gravity of steam at 212° compared with 
air, reckoned 1 at 60° would be only 0*481. So that 100 
cubic inches of it would weigh 14*98 grains ; and a ‘cubic 
inch of water, when converted into steam, would expand into 
1689 cubic inches. 

* This change, like fluidity, is produced by the increase of 
the temperature of the body so changed. Now the tempera- 
ture at which the change takes place is found to differ in almost 
every kind of matter. The temperature must be kept up, in 
order that the vaporous form may remain. If the heat be re- 
duced the vapour loses its elasticity, and collapses into that 
form from which it was produced. Thus steam, whenever it 
impinges against a cold body, is immediately condensed again 
into water. 

2. The vaporijic or boiling point of most bodies jjf higher 
than that which is necessary to give them liquidity^ but to 
this there are some exceptions. Thus arsenic and benzoic 
acid arc converted into vapours at a lower temperature than is 
required to melt them. Bodies easily converted into vapour, 
are called volatile ; while those are called fixed , which require 
a high temperature to induce this change, or which cannot be 
converted into vapour, by the greatest heat which we have it 
in our^power to raise. 

3. The temperature at which bodies are converted into 
vapour is usually called their boiling point. This point is very 
different in different liquids ; but, other things remaining the 
same, it is constant for every particular liquid. The following 
'table exhibits the boiling points of a few liquids, in which that 
point has been determined with precision : — 


Muriatic ether 

Boiling Point. 

52° 

Sulphuric ether 

96 

Bisulphuret of carbon 

116 

Ammonia (sp. gr. 0*945) . 

140 

Oil of laurel* 

150 


9 This is a volatile oil which comes from Demerara. It is obtained by 

N 


Sect.** 


Volatile 
and fixed 
bodies. 


point i 
liquids 
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Of saline 
solutions. 


Acetic ether .... 

Boiling point. 
160° 

Alcohol (sp. gr. 0*798) 

173 

Water 

212 

Nitric acid (sp. gr. 1*42) . 

248 

Crystallized muriate of lime 

302 

Oil of turpentine 

314 

Naphtha .... 

320 

Phosphorus .... 

554 

Sulphuric acid (sp. gr. 1*843) 

620 

Whale oil .... 

630 

Mercury .... 

668 


The boiling points of the following saline solutions have 
been determined by Mr Griffith : — * 


Salt in 100 of 


« 

in mu ui 

the solution. 


Boiling point. 

Sulphate of soda . 

31*5 

• 

213° 

Corrosive sublimate 


• 

214 

Cyanodide of mercury 

3*5 


m 

Acetate of copper 

16-5 


<$» 

Bitartrate of potash 

9‘5 


214 

Nitrate of barytes 

26-5 


214 

Sulphate of potash 

17-5 


215 

Acetate of lead . 

41*5 


215 

Nitrate of lead 

52-5 

• 

216 

Protosulphate of iron . 

64 

0 

216 

Sulphate of copper 

45 

• 

216 

Potash-sulpliate of copper 

40 


217 

Boracic acid 

— 


218 

Chlorate of potash 

40 


218 , 

Prussiate of potash 

55 


218 

Oxalate of ammonia 

29 


218 

Oxalate of potash • 

40 

• 

220 

Alum .* . 

52 


220 

Sulphate of zinc 

45 


220 


tapping some unknown tree in the 
volatile oil holding a resin in solution, 

But the temperature rapidly rises as 
presence of a number of oils differing in their volatility. 

* Journal of Science, xviii. 90. 


interior of South America. It is a 
and begins to boil, I find, at 150°. 
the boiling proceeds*; showing the 
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Chloride of barium 

Salt in 100 of 
the solution 

45 • 

• Boiling point. 
220° 

Carbonate of soda 

— 

220 

Phosphate of soda 

— 

222 

Borax 

52-5 

222 

Bisulphate of potash . . 

— 

220 

Sulphate of magnesia . 

57*5 

222 

Nitrate of strontian 

53 

224 

Common salt 

30 

224 

Tartrate of potash 

68 

234 

Sulphate of nickel 

65 

235 

Sal ammoniac 

50 

236 

Nitrate of potash 

74 

238 

Potash tartrate of soda 

90 

240 

Nitrate of soda . 

• 60 

. . 24G 

Acetate of soda . 

60. 

256 

Chloride of calcium (saturated) 

264* 


4. The boiling point of liquids is not quite so steady as the Boiling 
melting or freezing point ; for it is affected by the degree of ed'bt* he* 
pressure to which the liquid is exposed. This was first ob- thcfbarome- 
served by Boyle while engaged in his experiments with the ter - 
air-pump. Fahrenheit afterwards noticed that the boiling 
point of water, examined by the same thermometer, differs at 
different times. And he found that this depended upon the 
height of the barometer. When the barometer stands high 
the boiling point is a little higher than usual, while it is a little 
lower tlftm usual when the barometer is low. The knowledge 
of this fact induced him to attend to the height of the baro- 
meter when he graduated his thermometers. The determi- 
nation of General Roy has been generally adopted in this * 
Country, as upon the whole the most correct. The following 
table shows the temperature at which water boils (according 
to him) at the different heights of the barometer : — 

Barometer. Boiling point 

26 inches . *. . 204 o, 91 

26-5 . . . . 205-79 

27 .... 206-67 


* By ray determination. 
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Barometer.* Boiling point. 


27-5 

. 207°-55 

28 

208-43 

28*5 

209*31 

29 

210-19 

29-5 

211-07 

30 

212 

30-5 

212-88 

31 . 

213-76 


From this table it appears that for every half inch of varial|» 
in the barometer, the boiling point of water varies 0*88 orja 
degree. Consequently every tenth of an inch that the baro- 
meter rises or falls either raises or lowers the boiling point of 
water by O’ 176 of a degree. 

The mean height of the barometer at the sea-shore is 29*82 
inches. In this country it seldom rises much higher than 31 
inches, or sinks much lower than 28^ inches. Since the year 
1817 to 1839 (both inclusive)* it has never been higher in 
Glasgow (at about 50 feet above the level of the sea) than 
30-8 inches, nor lower than 27’95. # So that- in Glasgow the 
boiling point of water varies from 213°| to 208 Oi 4, or almost 
5-33 degrees of Fahrenheit. 

5. When water is heated in close vessels and cannot make 
its escape till it overcome a considerable pressure, its boiling 
point may be made to rise to a much higher temperature than 
212°. Papin, an ingenious French physician, who resided in 
London, contrived a vessel for this purpose, to whifth^e gave 
the name of digester . It was a cylindrical copper vessel, 
having a lid nicely fitted to it and kept fast by screws. If 
this vessel be, half filled with water, and the lid screwed down 
tight, and if it be then set upon burning coals, a portion of the 
water is soon converted into steam. This conversion begins 
at the boiling point of water. But the elastic vapour being . 
confined, presses upon the surface of the water, and thus pre- 
vents the conversion of any more of it into steam, till the tem- 
perature of the water rises above the boiling point. This heat 
being conveyed to the steam, it now becomes capable of bear- ; 

* It was as low as 27*95 inches oa Thursday, the 29th November, 1838. 
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ing the addition of another portion of vapour without being Sect, h 
condensed into water. Thus the quantity, and consequently 
the elasticity of the steam is continually increasing with the 
temperature of the water. By this contrivance, the tempera- 
ture of water has been raised, in close vessels, as high as 419°. 
Muschenbroek even assures us that he raised the temperature 
of water, in digesters, high enough to mel#tin. Now, tin fuses 
at the temperature of 442°. 

The elasticity of steam at 419°, is 1050 times greater than 
that of atmospheric air ; so that it exerts a force equivalent to 
14,700 lbs. upon every square inch of the inside of the vessel 
in which it is confined. This pressure is so enormous, that few 
vessels can be made strong enough to withstand it. Dreadful 
accidents have taken place in consequence of the bursting of 
such vessels. It was to guard against the possibility of these, 
that what is known by the name of the safety valve was added Safety 
to the digester. This consists of an opening made in the di-* ve ' 
gester to let out the steam when it becomes too elastic to be 
confined, without hazarding the bursting of the vessel. This 
opening is covered with a metal plate, ground flat so as to fit 
it exactly. This mouth piece is kept down by a lever, to the 
extremity of which is fixed a weight. This weight is so con- 
trived as to exert a force capable of being overcome before the 
elasticity of the steam be great enough to burst the vessel. 

Suppose the surface of the safety valve to be a square inch; 
if the weight exert an action equivalent to 15 lbs. the elasticity 
of the steam must be double that of the atmosphere, or its 
temperature must be 250° before it forces open the safety 
valve. 

6. When the steam of boiling water comes in contact with 
any part of the living body, it occasions instantly a most severe 
scald ; but when steam from water of a higher temperature why high 
than boiling water, high pressure steam , as it is called, issues J^amdocs 
into the atmosphere, the finger or any part of the body not 8Cald - 
may be passed through it with impunity. It has not tlje 
property of scalding; and if a thermometer be put into it, 
we find the temperature greatly below that of boiling water; . 
so that high pressure steam has a much lower temperature 
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Chap: ill than low pressure steam, or steam issuing freely from boiling 
water. .... 

Whoever has an opportunity of seeing these two different 
species of steam, will find no difficulty in understanding the 
reason of this difference. When steam issues from the spout 
of a boiling tea-kettle, it is at first invisible, and it is not till 
it has advanced s#me distance in the air, that it begins to 
assume the appearance of a visible cloud. But condensed 
steam is visible the instant that it issues from the mouth of 
the pipe. The high pressure steam (supposing its elasticity 
double) occupies only half the bulk of common steam. The 
moment it com’es into the atmosphere its volume is doubled. 
This occasions a prodigious increase in its capacity for heat, 
and at the same time mixos it with the cold atmospheric air. 
These two circumstances sink its temperature so low, that it 
is no longer capable of scalding.* 

Boiling - When the pressure of the atmosphere is withdrawn, the 
vaj-uo. 1 ” temperature at which liquids boil becomes much lower. From 

* the experiments of the late Dr John Robison, of Edinburgh* 

it appears that by removing the pressure of the atmosphere, 
the boiling point of liquids is lowered about 145° 
in a good vacuum, sulphuric ether will boil at the timpferature 
of — 49°, alcohol will boil at 28 Q , water at 67 c , and sulphuric 
acid at 460°. Mr Barry, of London, has applied his knowledge 
of this fact to the preparation of volatile oils, and the various in- 
spissated juices of plants used in medicine. The still is con- 
nected with a globular copper receiver of large size; which is 
filled with steam to the exclusion of the atmospheric air. This 
steam being condensed and the communication between the still 
and receiver being opened, the air in the still divides itself 
equally over the still and receiver. The receiver being 5 times 
the size of the still, it is obvious that by this first condensation of 

* It is obvious that when high pressure steam is conveyed in pipes, it 
will undergo an expansion or condensation in proportion as the diameter 
of the pipe ^ijffaases or diminishes. Accordingly, its temperature will be 
found to vaijjf according id the diameter of the pipe. Upon this subject, 
the reader may consult a very curious set of experiments by Peter Ewart, 
Esq., in the Philosophical Magazine (new series), vol, v. p. 247. 
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steam, the density of the air within the apparatus is reduced Sect. I. 
to Another repetition of the same process will reduce the 
density of the air within the apparatus to Jj, and a third to 
And it is obvious, that by continuing the repetitions 
long enough, any degree of exhaustion whatever might be ob- 
tained. 1 have seen water boiling briskly in Mr Barry's ap- 
paratus at the temperature of 98°. 

This method of boiling in vacuo was applied very ingeni* Refining 
ously by Mr Edward Howard, to the refining of sugar. The 8ugar ‘ 
syrup is thus concentrated to the granulating point without 
any risk of burning or decomposing any of the sugar by too 
. much heat. This process is now very generally followed by 
the sugar refiners of Great Britain. The sugar refined in this 
way is beautifully white, and the loss sustained during the" 
process is greatly diminished. 

As steam possesses the elasticity of air, and as it may be 
immediately condensed by the application of cold, it is obvious 
that it may be immediately applied as a moving force, and that 
it possesses in this way almost unlimited power. The medium 
in which it is so applied, is familiarly known by the name of 
steam engine , and constitutes the finest present ever made Steam qp. 
by science to the arts. It is admitted to have been invented glne# 
by the Marquis of Worcester ; though it does not appear that 
he was ever able to interest the public in his invention, or that 
he attempted to apply it to any useful purpose. 

It was reinvented by Captain Savery, who took out a patent 
towards the end of the 17th century, and published an account 
of it in the year 1696, in a book entitled the Miner's Friend . 

In Savery’s machine, the. elasticity of steam was applied 
directly to force water up a pipe. The waste of steam was 
so enormous, and the quantity of fuel necessary so great, 
that it cloes not appear ever to have been attempted to apply 
it directly for the purpose of draining water out of mines, 
which was the object that Savery had in view when he took* 
out his patent. 

Iq 1705 , a new patent was taken out jointly by Captain 
Savery, Mr Newcomen, a blacksmith at Dartmouth, in De- 
vonshire, and Mr Crawley, a glazier, in the same place. The 
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Chag. in: merit of the machine has been universally ascribed to New- 
comen, under whose name it always went. It consisted 
essentially of a metallic* cylinder, in which a piston, made air 
tight, was capable of moving from the top to the bottom. The 
top of the cylinder was open, the bottom close. The piston 
was attached to the piston rod or chain, which connected it 
with the end of the working beam. The working beam was 
supported on a gudgeon, and the end opposite to that to which 
the piston rod was attached was loaded, and of course the 
pump rod attached to it, was at the bottom of the well from 
which the water was to be pumped. The cylinder is filled 
with steam, till "all the air is, driven out. The piston was at 
the top of the cylinder. The steam in the cylinder is con- 
densed by means of a jet of cold water. A vacuum is produced 
in the cylinder. The atmosphere presses upon the top of the 
piston, and forces it to the bottom of the cylinder. The pump 
rod at the other end of the working beam is drawn up. It 
makes a stroke, and a quantity of water is pumped out of the 
well or mine. Steam is again introduced below the piston in 
the cylinder, the vacuum is removed and the piston rises to 
the top in consequence of the load at the other extremity of 
the working beam. The cylinder is filled with steam as before ; 
this steam is condensed, the piston is forced down, more water 
is pumped up, and thus the machine continues to act as long 
as it is supplied with steam. 

The great improvement in the steam engine was made by 
Mr Watt. He contrived to condense the steam in a separate 
pipe, and by this means prevented the cylinder from being 
cooled by the injection of cold water. This produced an 
enormous saving of fuel. He substituted steam for the pressure 
of the atmosphere in Newcomen’s engine, and made the ma- 
chirie to act both when the piston descended and ascefided in 
the cylinder. This alteration, tojgcther with the mode of 
producing a circular motion, which he contrived, enabled him 
to apply the steam engine as a power for moving machinery. 
It i& now used in Great Britain to a prodigious extent, and 
has carried the manufactures of the country to a pitch which 
it was impossible to have anticipated. It has of late been 
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applied to move vessels in the water, independent of wind or ~ Sect. I. 
tide, aid even against those powers on which formerly thie 
motions of ships entirely depended. Thus it is likely to in- 
troduce as great an .alteration by sea as it has done by land. 

But it is not our province to enter upon any description of 
this wonderful machine. Abundance of descriptions of it have 
been laid before the public, to which we beg leave to refer 
the reader. 

7. Water is converted into vapour at all temperatures, even Elasticity 

* A # of vapour 

at 32° or lower. But the elasticity at low temperatures is low, beiow*2i2°. 
and it increases as the temperature increases, till at 212° it is 
equal to that of the atmosphere, or capablq of supporting a 
column of n\ercury'30 inches in height. 

As steam is employed in the steam engine as a moving force, 
it becomes a question of considerable importance to determine 
its elasticity at different temperatures, because the knowledge 
of this will put it in the power of engineers to determine the 
temperature at which it may be most economically employed, 
and the strength of the vessels which will be necessary whth 
steam is used at elevated temperatures. The first set of jgx- 
periments on this subject, approaching to accuracy, was m^ctg 
by Professor John Robison, of Edinburgh, and inserted 
him in the article Steam, in the third edition of the Encyclo*' 
pcedia Britannica, published about the year 1797. Mr Dalton 
published a still more accurate set of experiments in 1802.* 

He determined the elasticity of steam from 32° to 212° by 
experiment; but the elasticities below 32° and above 212° 
were inferred from observing the rate at which the elasticities 
determined by experiment increased. Unfortunately the ap- 
plication of empirical formula) never gives results which, can 
be depended on, unless they be confined within the limits of 
the experiments. Dr Ure, of Glasgow, made an elaborate 
set of experiments on the sapie subject in 1816, the result of 
which is published in the Philosophical Transactions for 1818.f 
Mr Southern had made a set of experiments on the same sub- 
ject inj 803, and carried them to considerably higher tempera* 

* Manchester Memoirs, v. 559. f Page 338. 
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Ch»p. Ill, tures than Dr Ure had it in his power to do. These expert, 
ments have been given to the public by Mr Watt.** They 
seem ,to have been made with great care, and are therefore of 
considerable importance. 

The results of all these experimenters may be seen in the 
following table : — 


Table of the 
elasticity of 
steam at 
different 
tempera- 
tures. 


I . — Elasticity of Vapour below 32° according to Dalton. 


Temperature. 

Force of vap. 
in inches of 
mercury. 

Temperature. - 

Force of vap. 
in inches of 
mercury. 

Temperature. 

Force of vap. 
in inches of 
mercury. 

Temperature* 

Force of van. 
in inches of 
mercury. 

—400 

’ 0-013 

5<> 

0 076 

I40 

0-104 

23* 

0144 

—30 

0-020 

6 

0-079 

15 

0-108 

24 

0-150 

—20 

0-030 

7 

0-082, 

16 

0112 

25 

0-156 

—10 

0-043 

8 

0-085 

17 

0-116 

26 

0-162 

0 

0-061 

9 

0-087 

18 

0-120 

27 

0-168 

1 

0-066 

10 

0-090 

19 

0-124 

28 

0-174 

2 

0-068 

11 

0-093 

20 

0-129 

29 

0-180 

S 

0-071 

12 

0-096 

21 

0-134 

30 

0-186 

4 

0-074 

13 

0-100 

22 

0-1S9 

31 

0-193 


Temp. 

Force of vap. in inches of mercury. 

Temp. 

Force of vap. in inches of mercury. 

Robi- 

son. 

Dalton. 

Ure. 

South- 

ern. 

Robi- 

son. 

Dalton. 

Ure. 

, South, 
era. 

320 

0-0 

0-200 

0-200 

0-16 

56° 


0-458 



33 


0-207 



57 


0-474 



34 


0-214 



58 


0-490 



36 


0-221 



59 


0-507 



36 


0-229 



60 

0-35 

0-524 

0-516 


37 


0-237 



61 


0-542 



38 


0-245 



62 


0-560 


0-52 

39 


0-254 



63 


0-578 



40 

0-1 

0-263 

0-250 


64 


0-597 



41 


0-273 



65 


0-616 

0-630 


42 


0-283 


0-23 

66 


0-635 



43 


0-294 



67 


0-655 



44 


0-305 



68 


0-676 



.45 


0-316 



69 


0-698 



46 


0-328 



70 

0-55 

0-721 

0-726 


47 


0-339 



71 


0-745 



48 


0-351 

, 


72 


0-770 


0-73 

49 


0*363 



73 


0-796 



50 

0-2 

0-375 

' 0*360 


74 


0-823 



51 


0*388 



75 


0-851 

0*860 


52 


0-401 


0 -35 

76 


0-880 



53 


0-415 



77 


0*910 



54 


0-429 



78 


0*940 



55 


0-443 

0*416 


79 


0-971 




* They constitute an Appendix to Mr Watt’s edition of Professor 
Robison’s articles Steam arid Steam Engines . 











m 

6l»a^ ill. 


HEAT. 


Table continued . 


Temp 

Force of rap. in inches of mercury. 

Temp. 

Force of vap. in inchat of mercbry. 

Robi. 

•on. 

Dalton. 

Ure. 

South. 

ern. 

Robi. 

son. 

Dalton. 

Ure. 

South. 

ern. 

196° 


21*68 



234° *5 



46*800 


197 


22*13 



235 


45*58 

47*220 

' p 

198 


22*69 



236 


46*39 



199 


23*16 



23 1 


47*20 


> 

200 

22*62 

23*64 

23*600 


238 


48*02 



20! 

24*12 



238*5 



50*30 


mmm 


24-61 

* 

24*61 

239 


48*84 



20.3 


25*10 



240 

54*9 

49*67 

51*70 


204 


25-61 



242 



53*60 


205 


26*13 

25*900 


245 


53*88 

56*34 


206 


26-66 



248*5 



60*40 


207 


27*20 



250 

66*8 

58*21 

61*90 

«f*X) 



27*74 



251*6 




.1 



28*29 



255 


62*85 

67-25 


210 

28*65 

28*84 

28-S80 


260 

80-3 

67*73 

72*30 


211 


29*41 



264*2 





212 


30*00 

30*000 

30-00 

265 


72*76 

78*04 


213 


30*60 



270 

94*1 

77*85 

8630 


214 


31*21 



275 


83*13 

93*48 


215 


31*83 



280 

105*9 

88*75 

101*90 


216 


32*46 



285 


94*35 



216*6 



33*40 


285*2 



112*20 


217 


33*09 | 



290 


100*12 

120*15 


218 


33*72 



293*4 




120*00 

219 


34*35 

1 • 


295 


105*97 

129*00 


220 

|35'8 

34*99 

35*540 


300 


111*81 

139*70 


221 


35*63 



302 





221 *6 



36*700 


305 


117*68 

150*56 


222 


36*26 



309*2 





223 


36*88 



310 


123 53 

161*30 


224 


37*53 



312 



166*25 


225 



39*110 


316*4 





226 


38*89 



320 


1 



226*3 

. 


40*100 


322*7 





227 


39*59 



328*46 





228 


40*30 



330 





229 

44*5 

41*02 



334*4 





230 

41*75 

43*100 


339-26 








43-500 


340 





231 


42*49 



343*4 





232 


43*24 



343*6 




240*00 

233 


44 00 



419 





234 


44*78 

l ! 







But by far the most extensive experiments on this subject 
were made by a committee of the French Academy of Sciences, 
consisting of Prony, Arago, Gerard, and Dulong*. These 
experiments were the result of an application of the French ; 
government to the Academy, to point out the best means of 
preventing accidents from the bursting of the boilers of steam 
engines. The following table; exhibits the elasticity of steam, 
at various temperatures, till it amounts to 24 atmospheres, as 
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determined by these gentlemen : an atmosphere is measured Sect. 
by a column of mercury of 29’922 inches (0*76 metre), which 
has been adopted in France as the mean height of the baro- 
meter at the surface of the sea : — 


Elasticity of steam, the 
pressure of the atmo- 
sphere being 1. 

Corresponding 
temp, in deg of 
* Fahrenheit, 

Elasticity of steam, the 
pressure of the atmo- 
sphere being 1. 

Corresponding 
temp, in deg. of 
Fahrenheit. 

1 

212° 

13 

380-66° 

n 

234 

14 

386-94 

2 

250-5 

15 

392-86 

Ol 

263-8 

16 

398*48 

3 

275-2 

17 


31 

285 

18 


4 

293*7 

19 

413-78 



20 

418-46 

5 


21 

422-96 

5 i 

! 314-24 

• 22 

427-28 

6 


23 

431*42 

? 

326-26 

331-7 

336-86 

24 

435-56 



439*34 

8 

341-78 


457-16 

9 

350-78 


472-73 

10 

358*88 


486-59 

11 

366-85 

45 

499*14 

12 

374 

50 



The last six temperatures in die table are deduced by cal- 
culation. The Commissioners of the Academy employed the 
formula e = (+0*7153 /) 5 . In this formula e expresses the 
elasticity in atmospheres of 0*76 metre (29*922 inches) pres- 
sure, and t the temperatures setting out at 100° centigrade 
(212° Fahrenheit). For the methods employed to determine 
the temperature at the various elasticities in the table, and the 
precautions taken to avoid errors, I refer the reader to the 
report inserted in the Annales de Chimie et de Physique, 
xliii. 74. 

This table of the French Academicians constitutes a pre- 
cious addition to our knowledge of the elasticity of steam. 
The experiments which*were conducted by Dulong and Arago, 
constitute some of the most difficult and even dangerous tbr 
which science is indebted to the zeal and intrepidity of philo- 
sophers. Mercury, by the elasticity of the steam, was forced 
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ill, up a tube of glass to the height of 42*6517 feet. The diameter 
of the tube was 0*1968 inches. They took the opportunity 
of subjecting common air to the pressure of from 1 to 24 at- 
mospheres, and found that the Boylean law, namely, that the 
bulk diminishes as the pressure increases, holds as far as 
twenty-four atmospheres. 

We see that the elasticity increases at a very rapid rate 
with the temperature. Attempts have been made to represent 
this increase by empirical formulas, so as to enable us to calcu- 
late the elasticity of steam for any given temperature. But 
such formulas, from the imperfection of the data on which 
* they are founded, cannot be accurate, and indeed do not apply 
to higher temperatures than those deduced from experiment. 
They are therefore of little # use ; and indeed are very apt to 
mislead. I think it better therefore to omit them. 

8. It will be seen by inspecting the table inserted in page 
178 of this volume, that the boiling point of saline solutions 
is higher than that of water. Thus, a saturated solution of 
saltpetre does not boil till raised to the temperature of 238°. 
Now, it has hitherto been supposed, that the steam emitted 
' from these boiling solutions is as high as the boiling point of 
the solution itself. But Rudberg has* shown that this is not 
the case ; and that whatever be the strength of the boiling 
solution, or the temperature at which it boils, the heat of the 
steam, ceteris paribus , is always 212°.* The saline solutions 
tried were of nitrate of lime of various strengths, of saltpetre, 
of carbonate of potash, and of chloride of calcium. 

The reason of this constancy at 21 2° is pretty obvious ; and 
might have been foreseen had those who affirmed the contrary 
taken thg trouble to consider the phenomena with attention. 
Suppose we dissolve 74 parts of saltpetre in 100 parts of 
water, which is nearly the solubility of that salt in water of 
the temperature 212°. The solution consists of .an atom of 
saltpetre united to about 16 atoms of water. The water must 
be attracted by the salt and thus presented from escaping in 
st£am till the temperature reaches 238°, when it is high 

* PoggendorfFi Annalen, xxxiv. 257. 
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enough to have an elasticity capable of balancing that attrac- Sect, i. 
tion. ■ But only pure water is converted into steam, for no 
sensible quantity of the salt is evaporated. The instant that 
this steam quits the solution, its temperature must be 238°. 

But as its density is greater than that of the atmosphere, it 
expands the moment it assumes the elastic form till its elasticity 
just equals that of the atmosphere. This expansion, which is 
instantaneous, reduces its temperature to 212°. Whatever 
therefore may be the heat of boiling saline solution, that of the 
steam measured by the thermometer must be always 212°. 

9. Water is not the only liquid whose vapour has been ex- 
amined with care. There are eight others whose boiling 
points, and the specific gravity of whose vapours have been 
determined almost entirely by the. sagacity and industry of 
M. Gay-Lussac. The following table exhibits the boiling from otSl 
points and specific gravities of the vapours of these various li ^ uid8 - 
liquids: — 


Sp. gravity, air being 1. 

Boiling point 

Water 

0-6235* 

0-625 Of 

212° 

Hydrocyanic y.apour 

0-9476* 

79-7 

Pyroxylic spirit 

1-120 

150 

Alcohol 

1-6030* 

173 

Muriatic ether 

3-219J 

52 

Sulphuric ether 

2-586* 

2-5808f 

96 

Bisulphuret of carbon 

2-6447* 

2-6386f 

116 

Oil of turpentine . 

5-013* 

314 

Hydriodic ether . 

5-4749* 

. 148 


10. These specific gravities are compared to that of air, 
which is considered as 1, when heated to the boiling point of 
each liquid., They do not therefore enable us to form a correct 
idea of the increase of volume, which takes place when each 

* Gay-Lussac, Ann. de Chim. xci. 95, 150. — Ann. de Chim. et dfe 
Phys. i. 218. 

f Despretz, Ann. de Chim. et de Phys, xxi. 143. 

J Thenard, Mem. d’Arcueil, i. 121. 
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liqui-d is converted into vapour. 

I have therefore calculated 

^following table, exhibiting the specific gravity of the vapour 

/of each at the boiling p^ip|f we 
of air at 60° to be unity 

reckon the specific ^gravity 

Sp. gravity at boiling 
point, air at 60° being 1. 

Steam • • • 

0*481 

Hydrocyanic vapour . 

0*912 

Alcohol 

1*311 . 

Muriatic ether 

2-255 

Sulphuric ether . 

2*415 

Bisulphuret of carbon 

2-376 

Oil of turpentine 

3-342 

Hydriodic ether 

4-666 


The specific gravity of these liquids, from which these 
vapours are produced, is at the temperature of 60° as fol- 
lows : — 


# True speci- 

Water 

Sp. gravity. 
1-000 

fic gravity 
of. 

Hydrocyanic acid . 

0-7039 

Alcohol 

0-798 


Muriatic ether 

0-874* 


Sulphuric ether 

. # . 0-632 


Bisulphuret of carbon 

. ' . 1-272 


Oil of turpentine . 

. . . 0-792 


Hydriodic ether 

l-9206t 


By a very careful set of experiments made by Dr Prout, 
it has been ascertained that at the temperature of 32°, and 
under a pressure of 30 inches mercury, 100 cubic inches of 
atmospherical air weigh 32*79 grains; and at the tempera- 
ture of 60°, and when the barometer stands at 30 inches, 100 
cubic inches of air weigh 31*01 17 grains. From these data 
it is easy to calculate the increase of bulk which each of these 


liquids undergoes when converted into vapour, at the boiling 
point of each liquid : — 

Increase of volume Increase of volume, 

when converted that of turpentine 

into vapour. vapour being 1. 


; Fxpnnsion t 
of liquids 
when con- 
verted into 


Water . . - . 1689 

Hydrocyanic acid 625*7 
Alcohol . . . 493*5 


8*79 

3*25 

2*57 


vapour. . 


t At 72°. 


At 41°. 
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Satie ether 
itphuric ether . 
Bisulphuret of carbon 
Oil of turpentine 
Hydriodic ether 


Increase of volume 
when converted 
into vapour. 

314-15 

212-18 

434-06 

192-15 

333-74 


* Increase of volume, 
that of turpentine 
vapour being 1. 

1-6 

1-1 

2-26 

1 

1*7* 


It is obvious from this table that when water is converted 
into steam, it undergoes a much greater expansion than any 
other liquid hitherto examined. It expands 8 times as much 
as sulphuric ether, and almost 3^ times as much as alcohol. 
This explains a phenomenon, which may at first sight appear 
paradoxical, — why the vapours of alcohol and ether are heavier 
than those of water, though the liquids themselves which pro- 
duce these vapours are lighter than water. 

II. I had # supposed from analogy that the specific gravity 
of the vapour of water is proportional to its elasticity. Had 
this been so, as wc know the specific gravity of steam at 212° 
to be 0-625, it would be easy to calculate it for any other 
temperature ; but M. Despretz has shown by experiment, 
that this analogy does not hold.f An empirical formula might 
be deduced from Despretz’s experiments, provided we could 
confide in their accuracy ; but it will be sufficient, if in this 
place *1, give the weight of 100 cubic inches of vapour, at 


Sect. 1. 


* Cagnard de la Tour made a curious set of experiments which deserve 
to be noticed. He enclosed ether, alcohol, and water, in small glass 
tubes, which were never more than half filled. He sealed the tubes her- 
metically without expelling the air from the empty portion. He then ex- 
posed the tubes to heat till the liquids assumed the gaseous form. 

Ether became gaseous in a’space scarcely double its volume at the tem- 
perature of 320° : pressure 38 atmospheres. Alcohol became gaseous 
in a space about thrice its volume at the temperature of 404°J: pressure 
about 129 atmospheres. Water broke the glass tube, because it began to 
dissolve it. When this was prevented by adding a little carbonate of 
soda, the water became gaseous in a space four times its volume at the 
temperature at which zinc melts, or about 773°. 

f Ann. de Chim. et de Phys. xsi. 150. He found the specific gravity 
of vapour to be at 

66<>-75 0-00772 

63-39 0-00587 

, o 
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all temperatures ^from 32° to + 80° as calculated by Mr 
Dalton : — 


Temp. 

Weight of 
UUO inches. 
Grains. 

0*178 

Temp. 

Weight of 
100 inches. 
Grain*. 

0*313 

Temp. 

Weight of 
iro inches. 
Grains. 

0-492 

32° 

49° 

66° 

33 

0*184 

50 

0*3^3 

67 

0-509 

34 

0*191 

51 

0*329 

68 

0-521 

35 

0*197 

52 

0*341 

69 

0-539 . 

36 

0*203 

53 

0*354 

70' 

0-551 

37 

0*209 

54 

0*366 

71 

0-569 

38 

0*216 

55 

0*378 

72 

0-580 

39 

0*222 

56 

0*384 

73 

0-598 

40 

*0*229 

57 

0*396 

74 

0-610 

41 

0*235 

58 

0*402 

75 

0-627 

42 

0*215 

59 

0*414 

76 

0-645 

43 

0*255 

60 

0*420 

77 

0-662 

44 

0*267 

61 

0*432 

78 

0-680 

45 

0*275 

62 

0*444 

79 

0-700 

46 * 

0*284 

63 

0*456 

•80 

0-721 

47 

0*293 

64 

0*468 



48 

0*303 

65 

0*480 




12. Such are the phenomena of the conversion of liquids 
into elastic fluids. Dr Black applied his theory of latent 
heat to this conversion with great sagacity, and •demonstrated 
that it is owing to the very sam^caus^jif vA 1 a* u-trnsdon of 
solids into liquids; namely, all y facre^ l-27f\jertam 
dose of caloric with the liqui^ rtar * - . JOrSe of tem- 
perature. The truth of this • *«/ point was esta- 

blished by the following expei^ T/ itnents 

First. When a vessel of the tput upon the fire, the 
water gradually becomes hotter rar it reaches 212°; after- 
wards its temperature is not increased. Now, heat must be 
constantly entering from the fire and combining with the 
water. But as the water does not become hotter, the heat 
must combine with that part of it which flies off in the form 
of steam : but the temperature of the steam is only 212°: 
therefore this additional heat does not increase its tempera- 
ture. We must conclude, then, that the change of water to 
steam is owing to the combination of this heat* for it pro- 
duces no other change. . 

Dr Black put some water in a tin-plate vessel upon a red 


‘New System of Chemistry, ii. 299. 
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hot iron. The water was of the temperature 50° : in four &ct. iv 
minutes it began to boil, and in twenty it was all 

boiled off. During the first four minutes it nad received 
162°, or 40£-° per minute. If we suppose that it received as 
much per minute during the whole process of boiling, the 
caloric which entered into the water and converted it into 
steam would amount to 40^ X 20 = 810.* This heat 1& n °t 
indicated by the thermometer, for the temperature of steam is 
only 212°; therefore Dr Black called it latent heat . 

Second . Water may be heated in a Papin’^digester to 400° 
without boiling : because the steam is forcibly compressed, 
and prevented from making its escape. If the mouth of the 
vessel be suddenly opened while things are in this state, part 
* of the water rushes out in the form of steam, but the greater 
part still remains in the form of water, and its temperature 
instantly sinks to 212°; consequently 188° of heat have sud- 
denly disappeared. This heat must have been carried off by 
the steam. Now, as only about jth of the water is converted 
into steam, that steam must contain not only its own 188°, 
but also the 188° lost by each of the other four parts ; that is 
to say, it must contain 188° X 5, or about 940°. Steam, 
therefore, is water combined with at least 940° of heat, the 
presence of which is not indicated by the thermometer. This 
•experiment was first made by Dr Black, and afterwards, with 
more precision, by Mr Watt. 

Third . When hot liquids are put under the receiver of an 
air-pump, and the air is suddenly drawn off, the liquids boil, 
and their temperature sinks with great rapidity a considerable 
number of degrees. Thus water, however hot at first, i» very 
soon reduced to the temperature of 70° ; and ether becomes 
suddenly so cold that it freezes water placed round the vessel 
which contains it. In these cases the vapour undoubtedly 
carries off the heat of the liquid ; but the temperature of the 
vapour is never greater than that of the liquid itself: the heat 
therefore must combine with the vapc^ir, and become latent. 

Fourth . If one part of steam at 212° be mixed with nine 
parts by weight of water at 62°, the steam instantly assumes 
* Black’s Lectures, i. 157. 
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Chap, ill, the form of water, and the temperature after mixture is 1 78°-6 ; 
consequently each of the nine parts of water has received 
1 16 0, 6 of caloric ; and the steam has lost 9 X 1 16*6 = 1049°-4 
of caloric. But as the temperature of the steam is diminished 
by 33°*3, we must subtract this sura. There will remain 
rather more than 1000 °, which is the quantity of heat which 
existed in the steam without increasing its temperature. This 
experiment cannot be made directly, but it may be made by 
passing a given weight of steam through a metallic worm, 
surrounded by a^given weight of water. The heat acquired 
by the water indicates the heat which the steam gives out 
during its condensation. Mr Watt was the first person who 
attempted to determine accurately the latent heat of steams 
with precision. His experiments were made in 1781; but* 
the account of them has been only published in Mr Watt’s 
edition of the articles Steam and Steam Engine , by Professor 
Robison.* The result of the experiments is, that the latent 
heat of steam is 950°. This agrees nearly with the deter- 
mination of Mr Southern in 1803. He found it in three 
experiments made at very high temperatures 942°, 942<>, and 
950°.t The experiments of Lavoisier make it rather more 
than 1000°. According to Rumford it amounts to 1040°-8. 
Thus we have the latent heats of steam as follows : — 


Watt ..... 

950° 

Southern . 

945 

Lavoisier .... 

1000 

Rumford,. . 

1040-8 

Despretz ' 

955-8 

Mean • 

978*3 


^his number 978°-3 cannot deviate very far from the 
truth. We eannot err much then, if we adopt for the latent 
heat of steam, 10Q0°, which was the number established by 
the experiments of Lavoisier. I am satisfied from some trials 
which I 'some time ago made, that the true number is not un- 
der 1000°, if it does not exceed it. 

increased : -13. It has been already observed, that in a vacuum, the 
din^dahM 6 P°^ nt of liquids is lowered by about 1 45°. It occurred 

Page 6. < + Ibid* p. 165. 
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to Dr black many years ago, that by distilling ardent spirits &ct. I. 
in vacuo, a great saving of fuel would probably result. ‘ The 
project was first attempted to be realised by Mr Watt. He 
half filled a small still, with water, and then closely united it 
with the receiver. The receiver had a small hole in its bottom, 
which had a plug fitted to it. The water in the still was 
made to boil violently till all the air within the apparatus was 
forced by the steam out at this hole. While the steam was 
blowing violently out at the hole, it was* suddenly stopped by 
the plug, and the bottom of the still was set on ice. This 
soon cooled the contents, and the steam within the apparatus 
was condensed into water. A lamp was now set under the 
still, and in a few minutes, the whole apparatus grew warm — 
a proof that steam was produced from the water, and that it 
was passing into the receiver. Cold water was put into the 
refrigeratory and the distillation went on — slowly indeed, but 
very well ; and the ebullition was distinctly heard in the still 
although the head of it was scarcely sensibly warm to the 
hand : but the result of’ the process was, that the latent heat 
of the steam was greatly increased by the diminution of its 
sensible heat. The temperature of the steam in the experi- 
ment was found to be 100°. The water in the refrigeratory 
was raised by the condensation of this steam, from 57° to 77°, 
and the vessel had acquired as much heat as would have 
raised the water 1° ; consequently 21° of heat had been ac- 
quired from the steam. The quantity of water distilled was 
j T of that in the refrigeratory. Therefore, 21° X 51 will 
give the heat extricated from the steam. This amounts to 
1071. From this we must subtract the sensible heat lost by 
the steam; for it was cooled down from 100° to 77°, so that 
it lost 23°. The remainder 1048°, is the latent heat of the 
steam. The latent heat of steam at 212°, according to Mr 
Watt’s experiments, made with a similar apparatus, is 940° : 
hence it follows, that the latent heat of steam of 100° ex- 
ceeds that of 212° by 108°, which is very nearly the differ- 
ence between the sensible heats of the two steams. 

Mr Watt made other experiments with much more care. 

He found that water distils perfectly well at 70°,%nd that in 
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^JLllL this state the latent heat approaches 1300®, and certainly 
exceeds 1200°. The unexpected result of these experiments 
is, that no advantage is to be expected in the manufacture of 
ardent spirits by distilling in vacuo ; for the latent heat of 

the steam is as much increased as the sensible heat is dimin- 
ished. 

A little consideration will satisfy us that this fact might 
have been -anticipated, had Mr Watt, when he made his ex- 
periments, been aware that the volume of vapour in a given 
weight increased in proportion as its sensible heat diminishes; 
for its specific heat must increase with this augmentation of 
volume, and occasion an increase of heat necessary to main- 
tain its temperature just proportional to the diminution of the 

% sensible heat. 

ve?8a V,fC In the year 1813, a paper was published by Mr Sharpe, in 
the 2d volume of the 2d series of the Manchester Memoirs . 
He shows in this paper ; 1 , That if the source of heat be the 
same or invariable, water heats equably or in the same time, 
from 120°, up to the highest temperature which it can reach* 
without boiling. Suppose for example, that it is heated from 
120° to 130°, or 10° in three minutes ; then it will be heated 
from 270° to 280°, in exactly the same time. The reason of 
this equality probably is, that the difference between the tem- 
perature of the fire (the source of heat in these experiments) 
and the water was so great, that the 150° or 200° which had 
been added to the water, had no sensible effect in diminishing 
that difference.* 2. That whatever be the temperature of 
steam from 212° upwards, if we take the same weight of it 
and condense it- by water, the temperature of the water will 
always be raised the same number of degrees; or, in other words, 
the absolute quantity of heat is always the same in the same 
weight of steam, whatever the temperature of that steam is. 
M. Clement informed me a good many years ago, that he had 
established the same fact by a set of experiments of his own. 
And I have seen frequent allusions to these) 'experiments of 
Clement in the French journals, though I am not aware that 
the experiments tliCrotfelMis'have ever been published. 

From these experiments of Mr Sharpe, confirmed .as they 
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hav# been by those of Clement, it follows that the latent and Sect, i, 
sensible heats of steam added together, make a constant quan- 
tity ; or, in other * words, that the latent heat diminishes as 
the sensible heat increases, and vice versa . Thus, Mr Sharpe 
has proved that the truth which Mr Watt established under 
the boiling point, holds also above the boiling point, and that 
the proposition is universally true. 

felf we neglect all that portion of sensible heat which lies ^ t 8 *J 1 t e and 
plow 32°, we may say that at 212°, the sensible heat of heats a con. 
peam is 180°, while its latent heat is 1000°, making together uty. quan " 
the sum of 1180°. And this sum being constant, we can 
easily determine what the latent heat of steam is at any tem- 
perature. We have only to subtract the sensible heat from 
the constant quantity 1180°. The following little table ex- 
hibits the latent heat of steam at different temperatures : — 


Temp. 

Latent heat 

Temp. 

Latent heat. 

32° 

1180 

180° 

1032 

36 

1176 

212 

1000 

56 

1156 

250 

962 

78 

1134 

293*4 

918*6 

100 

1112 

343*4 

868*6 

125 

1087 

419 

793 

150 

1062 




It is obvious from this table, that while the specific gravity 
or elasticity of steam increases in a geometrical progression 
with a ratio of 2, the latent heats diminish in a geometrical 
progression whose ratio does not very much surpass unity, 
being probably 1*0306. We might therefore calculate the 
temperature at which the elasticity of steam increases in a 
geometrical progression whose ratio is 2, or carry the table 
given in page 186 to any length. The following will serve 

as a specimen of the way in which this might be done * 


' Temperature. 


Elasticity in inches 
of mercury. 


293°-4 

343*4 

370*2 

395*2 

•419*5 


120 

240 

480 

960 

1920 


It .is obvious, however, that the elasticity by no means in- 
creases at eo great a rate as we have supposed from the table 
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Chap.111. in page 186. I think there can be*no doubt that somewhere 
hbout 350°, the increase of elasticity begins to follow a much 
smaller rate. For the elasticity at* 419°, as we learn from 
the experiment of Perkins, instead of 1920, is only equal to 
1060 inches of mercury. I? 

If we could apply such a pressure to water that we could 
heat it till its sensible heat rose to 1212°, it is obvious th^t it 
would be converted into steam having the specific gravity, 
and consequently the volume of the original water. The 
latent heat of such steam would be 0° ; but its elasticity would 
be prodigious. The instant that the pressure upon it was 
removed, it would expand, and its latent heat would increase 
at the expense of its sensible heat. It is obvious from this 
that the existence of latent # heat in steam is owing to its ex- 
pansion and the consequence of its expansion, and that the 
moment we reduce it to the bulk of -the water from which it 
. was generated, all the latent heat becomes sensible. "We may 
conceive that water has a strong affinity for heat, that an at- 
mosphere of it accumulates round every integrant particle of 
the water, and by its repellent property forces the aqueous 
particles nearly twelve times farther from each other than 
when they constituted water. 

ototheip ieAt ^ ew ex P er ™ents have hitherto been made to determine 
lipids. the latent heats of other liquids. A few have been deter- 
mined by M. Despretz and by Dr Ure, by the method em- 
ployed by Mr Watt. Count Ruraford’s modification of the 
process constitutes a great improvement. He sunk the water 
in the refrigeratory 4° lower than the temperature of the^ 
room, and continued the distillation of the liquids under ex- 
antination till the temperature of the water had risen 4° higher 
than ths& of the room. • During the first part of the process, 
the wateir of the refrigeratory was imbibing heat from the 
room; during the last part of the process it was giving out 
heat to the room, and these two opposite currents must have 
just balanced each other. He then determined the weight of' 
th& liquid which had distilled over, and thus was able with ease 
to determine its latent heat. The following little table exhibits 
the latent heats of ♦such vapours as have been examined 
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Steam •...., 

Latent 

heats. 

1000° 

Ditto 
referred to 
water. 

1000° 

Alcohol vapour (sp. gr. 0*793)* 

597 

375-86 

Sulphuric ether (sp. gr. 0*7 15)* 

314 

163-44 

Oil of turpentine* . 

299-16, 

138-24 

Ammonia (sp. gr. 978)f 

837-28 

862 

Nitric acid (sp. gr. l*494)f . 

531-99 

335 

Naphtha*)* 

177-87 

73-77 


If we calculate the latent heats of these different vapours 
from their^expansions we obtain the following results : — 


Ditto 
referred to 
water. 


Alcohol . . 578° . 360° 

Ether % 236*7 . 123*1 

Oil of turpentine . . . 246*7 . 114 

As these are considerably below the experimental results, 
it remains to be seen whether there be an error in the expan- 
sions, or whether the conclusion that the latent heat should 
be proportional. to the expansion be erroneous. 


SECTION IT. — OF GASES. 

The word gas appears to have been introduced into che- ^£*2™ ° f 
mistry by Van Helmont. He seems to ha^e applied the term go*. 
to every thing which is driven off from bodies in the state of 
vapour by heat.f It was introduced into modern chemistry 
by Macquer, who applied it to all those substances which Black, 

Priestley, and Cavendish, and the British chemists in general, 
had called airs. Macquer was of opinion that atmospherical 
air is a simple or elementary body, while those bodies to which 
the tertn gas was applied by him, were iu his opinion com- 

• Despretz ; Ann. de Chim. et de Phys., xxiv. 323. It is probable that 
the numbers given are rather under the truth. 

+ Ure ; Phil. Trans. 1818, p. 388. 

% He divides gases into five classes. “ Nescivit, inquam, Schola Galenica 
hactenus differentiam inter Gas ventosum (quod mere aer est, id est ventus 
per sydeium bias commotus), Gas pingue ; Gas siccum, quod sublimatSm 
dicitur. Gas fuliginosum, sive endemicum, et Gas sylvestre, sive incoerci- 
bile, quod in corpus cogi non potest visibile.” Van Helfnpnt de Flatibus, 

§ 4. J^Opera^an Helmont, p. 399. Francofurti, 1682. 
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Chap, ill, pounds either of air with other bodies, Of of certain bodies 
differing from air with each other.* A 

The term is at present applied to all substances which^pos* 
sess the mechanical properties of atmospherical air ; that is to 
say, which are invisible and elastic,* and capable of indefinite 
expansion and rarefaction without losing their aerial form. 
About 24 such bodies are at present known. The following 
table exhibits the names and specific gravities of these bodies, 
which I have determined by very careful and accurate ex- 
periments : — 


• Weight of 

Gases. Sp. gravity. 100 cubic inches 

at 32° in grains.. 


Specific 

Air .... 



i* 

32-79 

gravity of 
gases. 

Hydrogen . 



0-0694 

2-2756 


Carburetted hydrogen . 



0-5555 

18-2148 


Ammonia 



0-5902t . 

19-3011 


Carbonic oxide 



0-9722 

31-8790 


Azotic .... 



0-9722 

31-8790 


Olefiant 



0-9722 

31-8790 


Deutoxide of azote 



1-0416 ‘ : 

34-1543 


Oxygen 



Mill . . 

36-4330 


Sulphuretted hydrogen 



1-1805 

38-6196 


Muriatic acid 



1-28472 . 

42-1260 


Carbonic acid 



1-5277 

49-9780 


Protoxide of azote 



l-527f 

49-9780 


Cyanogen 



1-8055 

59-2023 


Phosphuretted hydrogen 



l-845f 

60-4976 


Sulphurous acid . 



2-2222 

72-8660 


Fluoboric acid 



2-361 i 

77-4205 


Protoxide of chloriqe • 



2-4444 

80-1519 


Chlorine 

h 


2-5 . . 

81-9750 


Chlorocarbonic acid 



3-47fl| . 

113-8530 


Fluosilicic acid 


• 

3-6lil,. . 

118-4080 


Hydriodic acid 



4-3402^ . 

142-4180 


* See his Dictionaire de Chimie ; 2d edition, article Gaz. Macquer 
always spells the word gaz, I know not for what reason, and in this he 
was followed fof a time by the French writers in general. Van Helmont 
always spells the word gas, and this mode of spelling is now generally em- 
ployed. ’ * 

t By the determination of B. Rose. 



GASES 


203 


f 

’ ¥ / These gases are all invisible, except chlorine and protoxide s **. n. 
of chlorine ; both of which have a strong green or yellowish 
green colour. * 

Gases differ from vapours in this remarkable particular, that Theory of 
they do not lose their elastic state by the application of ordi- * a8e8 ‘ 
nary cold or ordinary pressure. Many philosophers have 
adopted the opinion that they owe this elastic state to the 
latent heat which they contain, as is the case with vapours. 

M. Amontons, an ingenious member of the French Academy 
of Sciences, about the beginning of the 18th century, was the 
first who proposed this idea with regard to the atmosphere. 

He supposed that it might be deprived of the whole of its 
elasticity, and condensed, and even frozen into a solid body, 
were it in our power to apply to, it a sufficient cold — that it 
is a substance which differs from others in being incomparably 
more volatile, and which is therefore converted into vapour, 
and preserved in that form by a weaker heat than any that 
ever occurs, or can take place in our globe — and which, 
therefore, cannot appear under any other form than the one 
it now wears, so long as the constitution of the world remains 
the same as at present. 

Though this opinion may appear at ffirst sight an extrava- 
gant flight of the imagination, it is notwithstanding supported 
very strongly by analogy. We know that water is easily con- 
verted by heat into a vapour, which, so long as it is kept 
sufficiently hot, possesses all the mechanical or sensible quali- 
ties of air. Alcohol yields a vapour which retains its elas- 
ticity at a still lower temperature than steam. The vapour 
of sulphuric ether is as elastic as common air at the tempera- 
ture of 96°. Muriatic ether has the form of a vapour, and is 
as elastic as common air at the temperature of 52°, so that 
we cannot preserve it in a liquid form in summer. Ammonia 
retains its elastic form, and possesses all the properties of a 
gas till it be cooled down to 46° below zero. In this climate, 
therefore, it always retains its elastic form, and is considered 
as a gas. But in Melville island, where Captain Parry win- 
tered,* it would assume the liquid form during a part of the 
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Chap. in. year, as the thermometer in February stood as low as 55° 
bjelow zero. 

Gases have This opinion of the similar constitution of vapours and 
deiwJdinto gases, has been still farther confirmed by Mr Faraday, who, 
liquids. by un ited action of pressure and cold, has succeeded in 
condensing eight different gases into liquids.* His method 
was, to shut up the materials for generating the gas in a 
strong glass tube hermetically sealed. *Heat was applied (if 
necessary) to generate the gas at one end of the tube, while 
the other extremity was kept cool. The condensation occa- 
sioned by the accumulation of the gas in tjje tube, together 
with the cold, at last reduced the gas to the liquid state, and 
it was collected in the cold part of the tube. Thus mercury 
and concentrated sulphuric qcid were sealed up in a bent tube, 
and being brought to one end, heat was carefully applie^ 
while the other end was preserved cool by wet bibulous pa|i8rt 
Sulphurous acid gas was produced where the heat act£lcl/jpind' 
was condensed by the sulphuric acid present. But wj||i that . 
acid had become saturated, the sulphurous acid pass® to the 
cold end of the tube, and was condensed into a liquicPr The 
other liquid gases were generated, and condensed by similar 
contrivances. 

The following table exhibits the names of the gases which 
Mr Faraday succeeded in condensing into liquids, with the 
pressure necessary to produce the liquefaction. This pres- 
sure is denoted by the number of atmospheres necessary to 
produce it, each atmosphere being equivalent to a column of 
mercury, 30 inches in height : — 

Atmospheres’ 
pressure. 

Sulphurous acid . . % 2 at 45° 

Cyanogen . . . . .3-7 at 45 

Chlorine . . . . 4 60 

Ammonia . . . . 6^ m 

Sulphuretted hydrogen „ 17 at 50 

Carbonic acid ... . , . 36 at 32_ 

i * Phil. Trans. 1823, p. 189. 
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Muriatic acid . * 

Protoxide of azote ‘ . 

Protoxide of* chlorine 

Carburetted hydrogen 


Atmospheres’ 

pressure. 

40 at 50° 
. 50 at 45 

f Not deter- 
( mined 
. 1200 * 


Sp. gravity. Sect. II. 


Sir Humphry Davy has shown that the elasticity of the 
vapours, from these liquid gases, increases at a great rate 
with their temperature. Thus sulphuretted hydrogen, con- 
densed in a tube at 3°, had a vapour floating over it, which 
exerted a pressure of 14 atmospheres ; when heated to 47°, 
it exerted a pressure of 17 atmospheres. Liquid muriatic 
acid at 3°, exerted a force equal to 20 atmospheres ; when 
heated 22° its force was equal to 25 atmospheres, and by a 
father addition of 25° its elastic force became equal to 40 
atmospheres. Carbonic acid at 12° exerted a force of 20 
atmospheres, and at 32° its elasticity was equal to 36 atmo- 
spheres. Liquid ammonia at 32° exerts a force of 5 atmo- 
spheres, and at 50° a force of atmospheres. Liquid pro- 
toxide of azote at 32° exerts a force of 44 atmospheres, and 
at 45° a force of 51 # 3 atmospheres nearly. f 

Mr Faraday’s attempts to condense hydrogen, oxygen, 
fluoboric, fluosilicic, and phosphuretted hydrogen gases, were 
unsuccessful. Indeed oxygen, azotic gas, and hydrogen, 
have been subjected to a pressure of 800 atmospheres, with- 
out any tendency to assume the liquid form. All attempts to 
condense them, therefore, by mere pressure, are likely to end 
in disappointment. 

But there are other phenomena connected with the gases, Absorption 
which may throw some light on their constitution. It is well water? 8 by 
known that water has- the property of absorbing them, and 
that it absorbs a definite volume which characterizes each 
particular gas. Dr Henry ascertained, that the volume of 
each gas absorbed by water, is the same whatever bo the 
pressure to which the gas is previously subjected. If we 
double the weight of carbonic acid, by subjecting it to tRe 

* Perkins ; Phil. Trans. 1826, p. 544. 
f Phil. Trans. 1823, p. 200. 



206 ’ 


HEAT. 


Ch*pl iu. pressure of two atmospheres, water will still absorb its owu 
volume of it. The following table exhibits the volumes of 
each gas absorbed, by 100 volumes of water, supposing the 
temperature and pressure the same in all case% : — . 


Cyanogen . 


Absorption 

ln^volumes. 

450 


Authority. 

Gay-Lussac 


Sulphuretted hydrogen 

366-6 

Thomson 

Chlorine .... 

200 

Berthollet 

Carbonic acid 

106 ! 

Cavendish 

Protoxide of azote 

76. 

Saussure 

Olefiant gas 

15-3 ’ 

Saussure 

Phosphuretted hydrogen 

5 

Thomson 

Deutcfjdde of azote 

3-7 

Dalton 

Oxygen .... 

3-7 

Henry 

Carburetted hydrogen 

3-7 

Dalton 

Azote .... 

2-5 

Dalton 

Carbonic oxide . 

2-01 . 

Henry 

Hydrogen .... 

. 2 

Dalton 


upon "he Mr Thomas Graham has suggested that these gases, before 
a«8ume the° they can be absorbed by or combined with water, in all pro- 
liquid ® tate vbability assume the liquid form. If this conjecture be admitted, 
it is clear that the quantity of each absorbed mUMbear some 
relation to its elasticity* It may not be in the^BPwse ratio 
exactly, because the amount of the affinity between the gases 
and water may and probably does differ considerably. This 
is doubtless the reason why sulphuretted hydrogen is more 
absorbable than chlorine, although chlorine is condensable by 
a pressure of 4 atmospheres, while sulphuretted by (hngen, re- 
quires 17 atmospheres to condense it* But we may coififlude 
in general, that those gases which are hut little absorbed by 
water, are much more difficult to condense into the liquid 
state by pressure than those which are absorbed in great 
quantity, by that liquid. Accordingly w&find that all the 
gases liquefied by Mr Faraday, are absorb* in considerable 
quantity by water. He succeeded with sulphurous acid, mu- 
riatic acid, and ammonia, which are absorbed by water in great 
quantity, and likewise with the first five gases in the preceding 
table ; but he failed with all the rest. It is not unlikely that 
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olefiant gas might also be condensed into a liquid, though the 1Ir » 
pressure requisite worth! be much greater than what was re- 
quired to condense any of those that precede it in the table. 

But the very small absorbability of all the rest, renders it un- 
likely that any of them could be condensed into a liquid by 
simple pressure. We see iftdeed from Mr Perkins’ experiment 
that carburetted hydrogen is condensed by a pressure of 1200 
atmospheres. The same pressure would probably condense 
all the gases abo^e it in the table. 

Upon the whole, the notion that gases and vapours have 
the same constitution, and differ only in the obstinacy with 
which the former retain their latent heat, is supported by such 
strong analogies, and so many gases have actually been re- 
duced to liquids by the united action of cold and pressure, that 
it has been generally adopted by modern chemists. 

SECTION III. OF SPONTANEOUS EVAPORATION. 

i 

Every body knows that water evaporates at all temperatures, Water eva- 

_ ' . A . poratea at 

however low. After a heavy fall of ram the roads become ail tempe- 
deep, and the country becomes studded with little ponds 0 f rat ^ re8 * 
water. But after a few days or weeks of fair weather, the 
roads get dry and dusty, and the little ponds of water dis- 
appear. And this takes place not only in summer but even in 
winter, when the weather happens to continue dry for some 
time. The Mediterranean sea receives many very large rivers. 

The Nile, the Po, the Rhone, the Ebro, the Danube, the 
Nieper, the Don, and many other rivers of Smaller extent, 
empty themselves either directly into the Mediterranean or 
into the seas connected with it, and constituting as it were a 
part of this great inland ocean; yet, notwithstanding this 
-great and regular influx of water, this sea not only does not 
.increase in size, but a constant current sets in from thq At- 
lantic through the Straits of Gibraltar— an evident proof 
that the natural evaporation from the surface of the Mediter- 
ranean, is more than sufficient to dissipate all the water throVn 
into it from a vast tract of Europe and Africa. 

Water is not the only liquid that evaporate^ at temperatures 
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♦ below the boiling point. Alcohol, ethers, bisulphuret of car- 

^ 00j vo ^ a ^ e °Hs, nitric acid, and some other liquids (even 
qpids. mercury), are in similar circumstances. Sulphuric acid, 

* indeed, in the state in which it is prepared by our manufac- 

turers, not only does not evaporate, but even absorbs moisture 
from the atmosphere and becomes^nuch heavier. But when 
we expose sulphuric acid totally destitute of water (in which 
state it is a white solid) to the atmosphere, it evaporates at 
the common temperature with great rapidit^, and speedily fills 
the apartment in which it is exposed with a white smoke, so 
thick and so offensive, that I have been frequently obliged to 
quit the apartment till the offensive vapour was dissipated by 
throwing open the windows. The fixed oils do not evaporate 
sensibly till their temperature is raised to a considerable height. 
Indeed, the term evaporation , as applied to them, is not quite 
correct,, for they cannot be converted into vapour or distilled 
over without acquiring new properties. M 
Evapora- Let us consider the evaporation of water at low* temperatures 

tion con- ... A 

fined to the wath attention. 

This eva p 0ra tion is entirety confined to the surface, and 
is therefore proportional to the surface. Hence, if the quality 
of water to evaporate be constant, it will disappear the sooner 
the shallower it is, because its surface will be the greater. If 
we cover the surface of the water with oil, the evaporation is 
stopped altogether. 

On the western coast of France, and in some places on the 
south coast of England, sea salt is obtained by allowing sea 
water to evaporate spontaneously, till the salt separates in 
crystals. The sea water i& allowed to flow into a number of 
shallow, oblong divisions dug on the seashore, and lined in- 
ternally with clay. The sea water in thesfe pits presents a 
great surface, and in the hot weather of summer, it gradually 
evaporates away (provided the weather be dry), leaving the 
salt in crystals. Salt obtained in this way, is called bay salt . 
The crystals are large and hard, and not very white. This 
kind of salt is preferred to every other by the curers of fish. 
At one time, the superiority of Dutch cured herrings was as- 
cribed to the bay salt with whiefi they were salted. 
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3. Water does not evaporate so rapidly when the air & still, Se*£ tit ' 
as when it is agitated by a brisk wind 5 and the more rapid 
the current of air the more rapidly, ceteris paribus , does the 1 
water disappear 2 * hence, in manufactories where the evapora- 
tion of water constitutes a part of the process, the vessels 
containing the water to be Evaporated, ought to be placed so 
that a brisk current of air shall pass over their surface. In 
Glasgow and the^ neighbourhood, soda and alum leys are 
brought to the requisite degree of concentration, by passing 
over their surface a brisk current of air m hich has previously 
passed through ajire ; so that the flame of the fire plays over 
the surface of the evaporating liquor. And this process has 
been found more convenient and economical, than the common 
method of evaporating liquids, by applying heat to the bottom" 
of the vessels containing them. 

When air is perfectly still the vapour as it forms accumulates 
over the surface of the water, and in proportion as this accu- 
mulation increases, does the' process of evaporation diminish. 

So that at last it is reduced to nothing. 

3. The rate of evaporation increases with the temperature. h Y 
.Evaporation goes on at 32°, or even at lower temperatures. 

For ice and snow are constantly emitting vapour, and diminish- 
ing in weight when surrounded by a dry atmosphere. If two 
or three ounces of ice be confined in the exhausted receiver of 
an air-pump over concentrated sulphuric .acid, it evaporates 
all away in little more than 24 hours ; and yet during the 
whole time the temperature of the ice is considerably lower 
than 32°. In the open air, and consequently under the pres- 
sure of the atmosphere, the evaporation of the ice, though 
quite sensible, is a great deal slower. 

4 Mr Dalton mafte a set of experiments to determine the 
rate at which water evaporates from a vessel of a given 
diameter at different temperatures. By observing the rate at 
wbich the evaporation increased or diminished according to 
the temperature, he was enabled to construct a table exbibi|» 
ing the quantity evaporated in a given time at every tempera- 
ture, from zero up to 212° — supposing the v atmosphere to which’ 
the evaporation is going on to be quite free from vapour. He 

v. 



nr 

llfeft 





evaporation was always; proportional to 


3 ur generated, measured byihei length 
6t of n»ereurywhich it is capable of supporting; By 

refertifitg to the table of the elasticities of >apourat different 
temperhturSB, given in page 186, it will be seen that the 
quantity evaporated from a givef surface at the following 
temperatures is nearly as follows : — 


Temperature. 

212 ° 

180 

150 

125 

100 

79-5 

58 

38 

18-5 


Kate (^evaporation* 
. 512 

256 
128 
64 

. 32 

16 

. 8 

4 
2 


The following table, showing the force of vapour at all tem- 
peratures, from 32° to 80°, was constructed by interpolation 
from a set of experiments made with great care, by Mr 
Crichton, of Glasgow, to determine the force of vapour afc32°, 
40°, 5p°, and 60°. The three last columns of the table show 
the quantity of vapour in grains which would be driven off in 
a minute from a circular vessel of water six inches injg|smeter, 
as determined by l£r;‘Dalton, according as it is ph|pi in cir- 
cumstances less or more favourable for evaporation 


T»bl*of 
the force of 
Vapour, and 

poration. 


Tempera- 

tare. 

Force of vapour 
in iuchea of 
mercury. 

Quantity evaporated per minute from 
a circular vessel 6 inches diameter 
in grains. 



1 

2 

3 

32 ° 

0-2000 

0-80 

1-03 

1-26 

33 

0-2066 

0-83 

1 - 07 * 

1-30 

;34 

0-2134 

0-86 

1 - 11 * 

1 ; 35 

35 

0-2204 

0-89 

1-14 

1-39 

■ ' ,36 • 

0-2277 

• 0-92 

irl 8 

1-45 : 

m ■ 

0-2352 

! 0-95 

1-22 

1-49 

38 

0-2429 

0-98 

1-26 

1-54 

39 

• 0-2009 

. 1-02 ' 

■ 1-31 > 

' 4 ? 60 ;;' 


; 0*3600 


, 1-35 - 

>*J-65if4 



1-09 

1-40 

1-71 
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Were wo to suppose the atmosphere perfectly dry in bggi 
eases, the rate of evaporatidh ought to be four times greater 
in summer than in winter from the surface of lakes and the 
earth in this coudtryt la reality the difference is much greater. 
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chiip. ill. because the atmosphere is usually loaded with moisture in 
winter, and comparatively dry in sqpmer. And to know the 
true rate of evaporation, we must always subtract from the 
quantity that would be evaporated what exists already in the 
atmosphere. 

tion most Water evaporates much more rapidly in vacuo, provided 

rapid in a the vapours be withdrawn in proportion as they are formed, 
than it does under the pressure of the atmosphere, supposing 
the temperature and all other things the same. This is beau- 
tifully exemplified in Professor Leslie’s mode of producing 
ice, by placing a vessel containing water a little above a flat 
dish filled with sulphuric acid in the exhausted receiver of an 
air-pump. The sulphuric acid absorbs the vapours as fast as 
they are produced ; the rate c of evaporation is kept up, and so 
great a degree of cold produced that the water soon freezes, 
f even in summer. The cold produced is here the criterion of 
the rapidity of evaporation. And in favourable circumstances 
Mr Leslie not only froze mercury by this process ; but, if I 
understand him rightly, he sunk the thermometer to — 120°. 

5. Such are the constant phenomena of spontaneous evapo- 
ration. Let us now attend to the explanations of these pheno- 
mena wjiich have been* successively proposed by men of science. 

It was supposed at first that the vapour which rises from 
water below the boiling point is quite different from the vapour 
of water produced at or above the boiling point. In particular 
it was supposed that this low temperature vapour is devoid of 
elasticity. This led to an explanation of spontaneous evapo- 
ration first suggested by Dr Halley, and afterwards explained 
in detail by Leroi of Montpellier, Dr Franklin, Dr Hamilton 
£ vapor a- of Dublin, and several other men of science. According to 
toaolu-" Dr Halley water is dissolved by air in the same way as salt or 
tloo. sugar is dissolved by water. This hypothesis accounts for 
many offthe phenomena of spontaneous evaporation in a simple 
and satisfactory manner. It gives us a reason why evapora- 
tion is so much promoted by wind — because the solvent is 
rapidly renewed. Heat iiiereaSbs the solvent *powet of air 

But erro * 418 ^ does ^at wa ^ er> 

neously. But when De Luc and Saussure demonstrated that vapour of 



SPONTANEOUS EVAPORATION. 21^ 

all temperatures is possessed of elasticity, and that it augments See*- in. 
the volume of air whfen mixed with it exactly in proportion to 
its elasticity, the theory of Halley lost much of its plausibility. 

And after Saussure and Pictet had ascertained that evapora- 
tion goes on better in vacuo than under the pressure of the ’ 
atmosphere, and that the vapour thus formed in vacuo possess- 
ed the same elasticity, and occupied the same volume, as when 
formed under the pressure of the atmosphere, the theory was 
no longer tenable. For how can spontaneous evaporation be 
considered as a solution of water in air when it goes on better 
without air ? Or how could it be considered as a chemical 
union between airland water when it was known that the 
volume of vapour depended in all cases upon the temperature^ 
and that thejrind of air, or even the absence of all air, was a 
matter of indifference ? 

After these facts had become known towards the end of the 

* 

last century, there was a general disposition among well in- 
formed chemists to abandon the theory of Halley. But it was 
the Essays and Experiments of Mr Dalton, published in 1802,* 
which completely established the true theory of spontaneous 
evaporation. 

Water and many other liquids have *a tendency to^,ssume MeU^d of 
the elastic form of vapours at all temperatures, however low. the”" 
At low temperatures the elasticity of these vapours is small : 
hence, unless the particles of vapour be at a great distance ^*^ no - 
from each other, they unite together again, and assume the 
form of a liquid. Thup the quantity of vapour which can 
exist in the atmosphere is regulated by the elasticity of that 
vapour ; and this elasticity is measured by the height at which 
it is capable of supporting a column of mercury. We usually 
reckon the mean height of the barometer at the sea-shore in 
this country 30 inches.f At 32 ° vapour of water is capable 
of supporting a column of mercury 0*2 inch in height. It is 
clear, therefore, that at that temperature the utmost quantity 

« 

* Manchester Memoirs, 1st series, v. 535. 

f I have already stated that the true height is a little lower than this, 
or 29*82 inches. * 
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Chgp. in. of the vapour of wafer which can exist in the atmosphere is 
about T $-gth of its volume. 

Mr Dalton has shown that if p = pressure of the atmo- 
sphere in iuches of mercury, f = elasticity of vapour contained 
in the atmosphere, x — volumes of dry air 100 volumes of 
the given atmospherical air. Then 


p x 

Y—f 


100 

100 ; consequently x = p 

Y7 


Let air be saturated with moisture at 32°. In that case ue 
have 


p = 30 

f — 0*2 


P _ 
P~f~ 


30 


29-8 


= 1-00671 


x ss . - 


100 


1-00671 


= 99-333. 


So that the vapour in 100 volumes of such air has a volume 
amounting to 0-666, which is just x j ff th of the whole. 

At the temperature of 60°,/=r 0-52, we have therefore 


p x _ 30 x 
1*7 ~ 29-48 


= 100 ; and x — 


100 

30 * = 98-267 
29-48 


So that the whole vapour capable of existing in the atmosphere 
at the temperature of 60° is xsouco* 

The highest temperature that I have ever seen in Great 
Britain was 93°. At that temperature 1-5 


p x _ 30 x 

P-7 ~ 28 t 5 


100 ; and x = 95. 


So that the vapour capable of existing in the atmosphere at 
that temperature is T | n , or 

Thus we can easily determine the volume of vapour which 
is capable of existing in the atmosphere at any temperature. 

A still easier method of obtaining th£ same volume, is t 
ascertain by the preceding table, the force of vapour at 
given temperature. Let this number be made the mimes 
of a fraction whose denominator is the constant nunqber 
This fraction will denote the volume of vapour, capable of 
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isting m the atmosphere * fit the given temperature, Stfpppeing 
it reduced to the density of steam at 212°, or supposing its 
specific gravity 0*625. Thus at 60° the force of vapour is 
9?52 ; its volume capable of existing in the atmosphere, at t^t 
temperature, is therefore or rather more than ^th part. 

Mr Dalton’s method of determining the elasticity of vapour, 
at various temperatures, was this. He had a barometer tube, 
shut at one end, and open at the other, and quite dry. It was 
filled with newly-boiled mercury, inverted in a basin of mer- 
Jgry ; the height of the mercury was accurately marked, and 
fne tube was graduated into inches, and tenth?, by means of a 
file. A little water was then poured into the tube in place of 
the mercury, so as to moisten the whole inside. Mercury was 
poured into the tube again, and it was inverted as before, into 
a basin of mercury. By degrees a thin film of water collected 
on» the surface of the mercury. The mercury stood a little 
lower in the tube than before, and the difference of altitude 
indicated the elasticity of the vapour of water, at the tempera- 
ture at which the observation was made ; or the height of the 
column of mercury which it would be capable of supporting. 

Mr Dalton then took a cylindrical glass tube, open at both 
ends, 2 inches in diameter, and 14 inches long. To’^fcch end 
of it a cork was fitted, perforated so as to admit the barometer 
tube to be passed through, and be held fast. Into this 
cylinder he put water of different temperatures, and observed 
how far the top of the mercury was depressed by each. This 
depression gave the elasticity of the vapour at the given tem- 
peratures. Proceeding in this way, he constructed the table 
inserted in 186 of this volume; and by observing the rate* at 
which the elasticity varied, he was enabled to extend his table 
down to a temperature as low as — 40°. 

6. But the sate of evaporation, which hds been just explained, Rats of 
holds good only when the atmosphere is perfectly dry, of when d^Sfon 
it contains no vapour whatever. If vapour be already present « t y oj^vSl 
in the atmosphere, as is always the case in this country, then* 0111, ofa,r * 
the quantity capable of evaporating at a given tem^eratifre, 
will ha the quantity in the table diminished by the vapour 
already existing in the atmosphere. If we suppose the atmo- 
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sphere to contain as%mch vapour as is capable of existing in 
it the given temperature, then it is obvious that no evapora- 
tion whatever would take place. If the quantity of vapour 
contained in the atmosphere be less than it can support, wte 
must find how much less, and this quantity subtracted from 
the rate of evaporation at the given temperature, when the 
atmosphere is dry, will give us the true quantity which will 
evaporate under existing circumstances. Suppose the tem- 
perature to be 60°. At that temperature, the force of vapour 
is 0*52 inch, so that at 60° the atmosphere is capable of conr 
taming about / T th of its volume of vapour. But let us sup- 
pose that the elasticity of the vapour already in thQ atmosphere, 
is 0-26. We must subtract 0*26 from 0*52 ; the remainder 
0*26 gives the elasticity of the steam that really can enter the 
atmosphere. Now, 0*26 represents the elasticity of steam at 
40°. So that though the temperature be 60, yet in conse- 
quence of the vapour already existing in the atmosphere, no 
more water will evaporate from a given surface than would 
evaporate at 40°, if the atmosphere at that temperature were 
perfectly dry. 

Various instruments have been contrived, to enable us to 
ascertain the quantity of vapour existing in the atmosphere by 
inspection. These instruments are distinguished by thH name 
of hygrometers . The three most celebrated of these instru- 
ments are the hygrometer of De Luc, of Saussur^and of 41 
Leslie. 

De Luc’s hygrometer consists of an extremely thin piece of 
whalebone attached to an index, which by the whalebone swel- 
ling when it imbibes moisture, and contracting as it dries, is 
turned <round, and thus points out the degree of moisturo or 
dryness of the air. ^ 

Saussu^e’s hygrometer consists of a human hair boiled in a 
caustic ley, and moving an index precisely in the same way by 
its expansions and contractions. 

Leslie's hygrometer is merely his differential thermometer 
with one of the balls covered with silk and bibulous paper and 
kept moist. . This moisture evaporating produces cold and* 
contracts the volume of air within the ball : hence the col- 
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oured liquid rises in tfye tube under this ball# The instrument Sect. ill. 
therefore measures the rapidity of evaporation^ . But this 
rapidity is always (other things being equal) directly as the 
temperature, and inversely as the quantity of moisture already 
in the atmosphere# This instrument, however, cannot point 
out the true quantity of vapour already in the atmosphere, 
because the rate of evaporation is not merely affected by the 
quantity of vapour already in the atmosphere, t&t likewise by 
every alteration in the temperature of the air* 

To determine the elasticity of the vapour in the atmosphere, Method of 
the simplest method is one long ago employed by Leroi, and quantity «f 
afterwards by Mr Dalton. It is founded upon a well-known aS?° Ur m 
property of glass. If a piece of glass one degree colder than 
the atmosphere, be surrounded wi^h air holding as much vapour 
as it can hold at the given temperature, moisture will be 
deposited upon it. The method is this. Suppose we wish to 
determine the quantity of vapour actually in the atmosphere. 

We must repair either to the fields or at least to an open 
window; for were we to determine within doors our results 
would seldom be accurate. Provide a veiy thin glass tumbler, 
a thermometer and a quantity of water ten or fifteen degrees 
colder than the atmosphere. In summer the water from our 
springs, which in the neighbourhood of Glasgow have a tem- 
perature of about47°’75, will answer very well. But in winter 
the water must be cooled with icc, or we must sometimes use 
a mixture of snow and salt, or when ice or snow cannot be had, 
we may easily reduce the temperature of the water low enough * 
for the purpose by dissolving in it a quantity of pounded crys- 
tals of glauber salt or of carbonate of soda. Pour the water 
into the tumbler. Moisture is immediately deposited upon the 
outside of the glass (if the water be cold enough). Pour back 
the cold water into the vessel which originally contained it, 
and wipe the outside of the tumbler dry. When the water has 
become a littie warmer, pour it again into the tumbler, and 
qb&rve whether moisture be deposited on the outside. If # it 
tm, the water must be allowed to get a little warmer, and the 
trial again repeated. Proceed in this way till the water is just 
not cold enough to cause the condensation of vapour on the 
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Chufr Hi. outside of the* glass. Over against the temperature of the 

water thus determined, in the preceding table will be found 
the elasticity of the vapour in the atmosphere at the time of 
our observation. If the temperature of the air be 60°, and 
water of the temperature 50° is just incapable of condensing 
'vapour on the outside of the glass ; then 50° represents the 
temperature which measures the elasticity of the vapour in the 
atmosphere. *Over against 50° in the table we find 0*36 inch, 
jfiturh which represents the elasticity of the vapour in the atmosphere 
f0’52 itf* at the time of the observation. 

lining al Mr DanielFs hygrometer is an instrument contrived to make 
ose the above observation still more conveniently. The glass is 
cooled by means of ether, and the temperature of the glass, 
when moisture is deposited on it is, indicated by a thermometer, 
which constitutes a part of the apparatus. 

Mr Thomas Jones has contrived a still simpler instrument. 
It is merely a mercurial thermometer, with a large bulb which 
is turned up by bending the glass tube into the shape of a U. 
A little below the bulb is tied a piece of silk. When the in- 
strument is to be used, a few drops of ether are let fall upon 
*the silk cloth. Cold is produced. The moment is watched 
when moisture cpndcnses on the top of the bulb. The height 
of the thermometer at that instant is noted. It gives the tem- 
perature which we look for in the table, and over against it is 
placed the elasticity of the vapour in the atmosphere at the 
time of the observation. 

After trying both Daniell’s hygrometer, and Mr Jones’ ther- 
mometer, I am satisfied that the results obtained by them are 
not so accurate as those obtained by the simple tumbler and 
cold water, provided the tumbler be made of sufficiently thin 
glass. 

Indeed, it has been shown by Dr Apjohn, that neither 

Darnell's nor Jones’ instrument give the dew point directly, but 
he has given a formula by means of which the dew point may 
bp deduced from an observation made by them. His formula 

is as follows: /"=/' — mdx£r; in which/" is the tension of 

, 4 uv 

vapour at the dew point,/' its tension at tho temperature of 
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the hygrometer, d the difference between the temperature of Stet. in; 
the hygrometer and the air, and p the height of the barometer. 
m is a co-efficient depending upon the specific heat of air and the 
caloric of elasticity of its included vapour. Its arithmetical 
value is 0*01149.* 


7. «The quantity of vapour in the atmosphere at Glasgow, 
and doubtless in every part of Great Britain, is greater in 
summer than in winter. Yet the rate of evaporation is greater 
in summer than in winter ; because during winter the atmo- 
sphere is much nearer the point of saturation than in summer. Rate of 
The following table exhibits the mean elasticity of vapour in in a ^aa?° n 
the atmosphere in Glasgow during the year 1823 ; arrd likewise * ow - 
the evaporation, determined by the elasticity of the vapour 
evaporated, for every fortnight. .The observations were made 
daily, with scrupulous attention to accuracy, by Dr Hugh 
Colquhoun, of Glasgow, who was at that time my assistant. 


May 

1 fortnight 

Hast, of vapour m atmo- 
sphere, inches mer. 

0-2707 

Evaporation, 
Inches mcr. 

0-1482 


2 

0-3494 4 . 

0-1429 

June 

1 

0-3052 

0-2259 


2 

0-2822 

0-3232, 

July 

1 

0-3526 # . 

0-2475 


2 

0-3819 . 

0-2037 

August * 

1 

0-4000 

0-1854 


2 

0-3546 

0-2415 

September 

1 

0-3790 

0-1945 


2 

0-3404 

0-1253 

October 

1 

0-3233 

0-0766 


2 

0-3026 

0-0798 

November 

1 

0-2808 

0-0747 


2 -..v— 

0-3232 

0-0450 


* Transactions of the Royal Irish Academy, vol. xvii., or Phil. Mag. 
(3d series) vii. 266. Dr ApjoWs formula has been objected to by Dr 
Hudson, (Ibid. p. 256). Dr Hudson’s formula would require correction 
in consequence of some inaccurate data which it contains. Dr Mason has 
given another formula. His paper is very ingenious and deserves to be 
consulted. See Records of General Science , iv. 96. Mellonfs method 
is founded upon an inaceurate basis. See Ann. de Chim. et de Phys. xliii. 
39. Brunner has determined the moisture in air by passing it through dry 
chloride of calcium. See PoggendorfTs Annalen, xx. 274. 
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♦ 

Blast of vapour in atmo- 
* sphere, inches raer. 

Evaporation# 
inches mer. 

December 1 

0-2449 

0-029S 

2 

0-2453 * 

0-0212 

1824. January 1 

0-2481 

0-0604 

* 2 

0-2578 

0-0535 

February 1 

0-2468 

0-0650 

2 

0-2170 

0-0784 


The following table exhibits the average elasticity of vapour 
in the atmosphere at Glasgow, and the rate of evaporation 
monthly during the time in which the observations were made. 


1823.* May 

Elasticity of \apour 
in atmosphere. 

0-3113 

Rate of evaporation. 

0-1454 

June 

0-2937 

0-2746 

•July 

0-3077 

0-2249 

August 

0-3766 

0-2143 

September 

0-3596 

0-1666 

October 

0-3126 

0-0782 

November 

0-3020 

0-0598 

December 

0-2431 

0-0253 

1 824. January * 

0-2531 

0-0568 

February 

0-2314 

0-0720 


Few observations on the due point have been kept in other 
A rti P ar * s °f the world: Mr Daniell has given us a table for London 
chai. " for three years. Dr Heineken has marked the maximum and 
minimum dew point at Funchal in Madeira (about north lati- 
tude 32°£) monthly for the year 1828, as follows : — * 

Maximum. Minimum. I Rain in inohes. 


January 

65° 

50° 

4-08 

February 

56 

50 

1*64 

March 

65 

48 

1-68 

April 

63 

45 

3-35 

May 

69 

5J 

2-14 

.June 

70 

54 

0-21 

July 

72 

61 

0*10 

August 

73 

63 

0 

September 

75 

. ■ 69 

1-39 

October 

74 

56 

0 

November 

72-5 

54 

2-56 

December 

* . 67 

50 

0-52 


• 


I 17-67. 


Brewster’s Journal (new series), i. ,14. 
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We see that the quantity of rain has no relation to the height Sect, ill , 
of the dew point. The year was uncommonly dry. The rain 
in 1825 was 20*43 inches; in 1826, 43*35 inches; in 1827, 

18*15 inches. The mean temperature of Madeira is, accord* 
ing to Dr Heineken, 66°*3.* 

Some valuable observations on the quantity of moisture in In India, 
the atmosphere in the Deckau, constituting that part of Indos- 
tan between north latitude 16° and 22°, have been made by 
Colonel Sykes.f The dew point at sun-rise is 66°*58, and at 
half past nine a.m. it is 67°*56 ; the temperature of the air 
being respectively 73°*66 and 77 0, 53. Colonel Sykes cal- 
culates that a cubic foot of air contains 7*473 and 7:634 grains 
of water. The highest dew point observed was 76°. It 
occurred on the 21st October, 1826, at 4 p.m. A cubic foot 
of air contained 9*945 grains of water. At 76° the tension of 
vapour is 0*88 inch mercury ; and 100 cubic inches of air at 
that temperature, according to Dalton’s table, contains 1*645 
grains of moisture. This would make the quantity of moisture 
in a cubic foot of such air 17*28 grains or almost twice as much 
as Colonel Sykes makes it. The moistest month in the year 
itf July. During that month the dew point is only 4°*85 below K 
the temperature of the atmosphere. • 

The mean dew point for the year 1827, was 60°*74, and 
the mean temperature 78°*5. The lowest dew point at sun- 
rise on the 4th December was 44°. In another year in 
January, the dew point was 29°, the temperature of the air 
being 62°. In February, 1828, the dew point was 27°, and 
the temperature of the air 57°*5. At Loghur, on the 12th of 
March, the dew point was 27°, and the temperature of the air 
67°. At Downd, on Beema river, the dew point was 29°, and 
the temperature of the air 90°. But the atmosphere is much 
moister at Bombay than at Poona, which lies at a distance 
from the sea. 

In Poona hail showers arc common, and the hailstones 
have frequently the size of marbles. Dow first appears to- 
wards the close of the monsoon or the last "morning of Sep- 

* Brewster’s Journal (new series), i. 41. 
fPhil. Trans. 1835, p. 161. 
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Ch»p> HI. tember,~and in cloudless nights. In December, the dews are 
constant and copious. Fogs are rare in the open country. 
Along the Ghauts they prevail for six months in the year; 
but in the open country they are only seen from October to 
February inclusive. 

Impor- 8. The property which water has of evaporating spontaneously 
r Jponta- at all temperatures, is one of the most important in the whole 
^mtion^ economy of nature; for upon it the growth of plants, and 
the existence of living creatures upon the earth, depends. 
The vapours thus continually rising, not merely from the sur- 
face of the sea, lakes, and rivers, but also from the dry land, 
are again condensed and fall in the state of rain and dew. The 
rain penetrates into the earth, and makes its way out again in 
springs. These collecting together constitute rivers, which 
making their way to the sea, afford the means of living and 
enjoyment to numergus tribes and languages which occupy 
their banks. Let us suppose for a moment that this spontan- 
eous evaporation were to cease, and let us contemplate the 
consequences. No more rain or dew could fall, the springs 
would cease to flow, the rivers would be dried up ; the whole 
water in the globe would be accumulated in the ocean ; the 
earth would become dry and parched ; vegetables being de- 
prived of moisture, could no longer continue to grow; the 
cattle and beasts of every kind would lack their usual food ; 
man himself would perish ; the earth would become a dull, in- 
animate, sterile mass, without any vegetables to embellish its 
surface, or any living creature to wander through its frightful 
deserts. 

If the atmosphere contained no vapour whatever, the annual 
evaporation from the surface of water could easily be deter- 
mined from the data already stated in this section, provided 
we were acquainted with the mean temperature of the place. 
rBut as the atmosphere is never free from vapour, we must 
either determine the mean quantity present by trial, or ‘deter- 
mine the actual evaporation by experiment. Now, as far as 
evaporation is concerned, the surface of the globe presents 
three principal varieties ; namely, water, ground covered with 
grass or other vegetables, and bare soil. 
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Dr Dobson made a set of experiments during the years 4 Sect, in. 
1772, 1773, 1774, and 177S, to determine the evaporation Evapcra- 
frorn the surface of water at Liverpool during these years. 

He took a cylindrical vessel of 12 inches’ diameter, and 
having nearly filled it with water, exposed it beside a rain 
gauge of the same aperture, and by adding water, or removing 
it occasionally, he kept the surface at nearly the same height. * 

By carefully registering the quantities added or taken away, 
and comparing them with the rain that fell, the amount of 
evaporation was ascertained. The mean annual evaporation 
from the surface of water at Liverpool amounted to 36*78 
inches. The mean annual fall of rain at Liverpool, as ascer- 
tained by Dr Dobson, is (without reckoning the dew) 37*48 
inches. We see at once from this that more rain falls at 
Liverpool than can be accounted for by the evaporation. Con- 
sequently there must be a supply of vapour from the sea, and 
probably from the warmer regions of the globe.* 

A set of experiments upon the evaporation from ground From soil, 
covered with vegetables and from bare soil was made by Mr 
Thomas Hoyle and Mr Dalton, at Manchester, during the 
years 1796, 1797, and 1798. They got a cylindrical vessel 
of tinned iron ten inches in diameter, and three feet deep. 

There were inserted into it two pipes turned downwards for 
the water to run off from it into bottles. One of these pipes 
was near the bottom of the vessel, the other was an inch from 
the top. This vessel was filled up for a few inches with gravel 
and sand, and all the rest of it with good fresh soil. It was 
then put into a hole in the ground, and the space around filled 
up with earth, except on one side for the convenience of put- 
ting bottles to the two pipes. Water was poured on to sadden 
the earth, and as much as would was suffered to run through 
without notice, by which the earth might be considered as 
saturated with water. For some weeks the soil was constantly 
above the level of the upper pipe, but latterly it was always a 
little below it ; which made it impossible for any water to run 
through the upper pipe. For the first year the soil at top Was 
bare, but during the last two years it was covered with grass 
* Phil. Ti*ans. 1777, p. 244/ 
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Chap, ill, the same as a green field. Things being thus circumstanced, 
a regular register was kept of the quantity of rain water that 
ran off from the surface of the earth by the upper pipe (while 
that took place), and also of the quantity' Which sunk down 
through the" three feet of earth, and ran out through the lower 
pipe. A rain gauge of the same diameter was kept close by 
to find the quantity of rain for any corresponding time. By 
this apparatus the quantity evaporated from the earth in the 
vessel during three years was ascertained. The annual eva- 
poration was 25* 1 58 inches. Now, if to the rain we add 5 inches 
for dew (not reckoned in* Mr Dalton’s observations), it follows 
that the mean annual evaporation from earth at Manchester 
amounts to 30 inches. It follows, likewise, from these ob- 
servations of Dalton and Hojle, that there is but little differ- 
ence between the evaporation from gpeen soil and bare soil ; 
for the evaporation during the first year, when the soil in the 
vessel was bare, differed but little from that of the two follow- 
ing years when it was covered with grass.* 

The mean annual evaporation at Glasgow may be estimated 
from the table which has been inserted in page 219 of this 
work. The mean elasticity of the vapour evaporated is 0*1283 
inch ; and it is probable that the elasticity for March and 
April, the two months not given, will not deviate much from 
the annual mean. Now, 0*1283 is the elasticity of the vapour 
of water at the temperature of 20°. From Mr Dalton’s table, 
inserted in page 210, it maybe estimated that at the tempera- 
ture of 20° a ciicular vessel of water, 6 inches in diameter, if 
exposed to a perfectly dry atmosphere, would lose per minute 
0*44 grains of its weight by evaporation. This in a year 
would amount to *9 16£ cubic inches. Hence it follows by a 
very easy calculation that the annual evaporation at Glasgow 
amounts to 32413 inches. 

I am disposed to take 32 inches as the mean annual evapor- 
ation all over Great Britain. It is certainly less than this in 
a great part of Scotland, and a portion of England ; but I 
am persuaded that it exceeds it considerably in the south-east 


# Manchester Memoirs, 1st sciics, p 360. 
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of England, and probably also in East-Lothian and Berwick- Sect, ill. 
shire. Let us now see how the rain and dew correspond with 
this evaporation. 

9. The quantity of rain which falls annually in any place ill £jiof ndn. 
determined by means of a rain gauge. This is usually a cir- 
cular or square vessel having a surface of a determined num- 
ber of square inches. It is funnel-shaped below, and terminates 
in a pipe which conducts tho rain water to a bottle or some 
other vessel, where its quantity may be accurately measured. 

This rain gauge is set up in a field at a distance from every 
thing that may screen it or have a tendency to keep off the 
rain. When rain falls it enters into the vessel in proportion 
to the size of the surface, and being measured, and the quantity 
divided by the numbefr of inches in the area of the rain gauge, 
the quotient gives the depth of rain which has fallen in the 
place where tho gauge is fixed. 

There have been many disputes about the accuracy of rain 
gauges. It has been affirmed that the quantity of rain which 
falls into them depends entirely upon the wind, and that, there- 
fore, we cannot know by means of them how much rain falls 
in any place, unless they be so constructed that their surface 
shall always be perpendicular to the wind that blows. But it 
seems to me evident, that if a rain gauge be placed horizontally, 
and in a situation completely exposed on every side, and neither 
screened nor overlooked by any neighbouring building, ex- 
actly the same proportion of rain will fall into it as on the 
same area of the surrounding ground. Consequently it must 
(if the rain which falls into it all remain) give us a correct 
notion of the rain falling in the place where it is situated. 

There are, however, some circumstances connected with rain 
gauges, *that require examination and elucidation before we 
could trust entirely to the results which they give us. Professor 
Bache, of Philadelphia, stated at the annual meeting of the 
British Scientific Association, which met at Newcastle in 1838 , 
that if two rain gauges, exactly alike, were placed at the two 
opposite angles of a square tower, that one on the side next 
the point from which the wind blows will indicate nearly twice 
as much rain as the other. 

Q 
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Chap. itL Xhere is also a curious fact, first pointed out by Dr William 
Lea rain Jfeberden, Vhich ought to be taken into "account. He placed 
•ban tiw** 1 a $ain gauge on the square part of the roof of Westminster 
pine*' ’Abbey, at such a distance from the western towers as pro- 
* bably to be little affected by them. Another rain gauge was 
placed on the top of a house, but considerablj lower than the 
first ; and a third rain gauge on the ground in a garden be- 
longing to the house. The observations were continued from 
July 1766, to July 1767, or a year. The rain water collected 
in each rain gauge was as follow s : — 

Top of Westminster Abbey . 1 2*099 inches. 

Top of a house . . . 18*139 

On the ground . . • 22*608* 

This observation has been frequently repeated, and it has been 
found to hold constantly. More rain is always collected in 
the lower than in the upper gauge. 

The observations of Dr Ileberden were repeated by Messrs 
Philips and Gray, in the jear 1832, at York. A rain gauge 
was placed on the top of York Minster at the height of 241 
feet, 10 J inches above the river Ouse; another on the top of 
the Museum, at the height of 72 feet, 8 inches; and a third 
on the ground, 29 feet above the river, and the quantify of 
rain collected in each during the year 1832 was meai§pgd. It 
was as follows : — 

Yoik Minster . 15*91 inches. 

Museum . . 20*461 

Ground . 24*401 

They have given tliefollowing empyrical formula for calculating 
the quantity according to the height. Let h = the height, 
then the diminution of rain will be = mVA; m being a co- 
efficient which varies, being, in different circumstances, 2*29, 
2*88, 1*97, 3*06, &c.| It is obvious from the variableness of 
tn , that the circumstances connected with this diminution as 
tire height increases, have not been all appreciated. 

* Phil. Trans. 1769, p. 359. 

t Third Report of the British Scientific Association, p. 401. 



SPONTANEOUS BVAPORATlbjf. 227 

The annual quantity of rain is greatest at the equator* and Sect, in, 
gradually diminishes as we approach the pole. This *ill he 
evident from the following little table, showing the* annual 
depth of rain in different latitudes : — 


Moulmain 


J atitude N. 

1G U 

Bain in* Inches. 

197-12* 

Marmato 


5 27' 

64-09f 

Granada 


12 

126 

Cape Francois 


19 46 

120 

Calcutta 


22 23 

81 

Home . 


41 54 

39 

Geneva 


47 20 

30-4t 

England 


50° to 55° 

31 

Petersburg . 


59 16 

16 

Uleaborg 


65 1 

13| 

George Town, 

Demerar i 

6 40 

133-56§ 


On the contrary, the number of rainy days is smallest at Number of 
the equator, and increases in proportion to tlic distance from ra,nyday9 ‘ 
it. From north latitude 12° to 43° the mean number of rainy 
days is 78. 


From 43° to 46° the mean number is 103 

46 50 134 

50 60 161 

It is obvious from this that the rain falls in very heavy showers 
in warm climates, and that it becomes more and more gentle 
as we advance towards the pole. Consequently in hot climates 
the air must be much less loaded with moisture, and the rate 
of evaporation much greater than in cold climates. For when 
rain falls very heavy a great portion of it runs off by the sur- 
face, and flows into the sea. But this happens to a much l^ss 
extent when the fall of rain is more gentle. 

But instead of attempting to compare the quantity of rain RaiiU^ . 
and evaporation over the whole surface of the globe, for which taiu. 1 

* From 1st October, 1828, to 1st October, 1829: observed by Dr 
Anderson. 

f It is <678*5 feet above the level of the sea. Rain in J833, 60*79 
inches ; in 1834, 67*40 inches. Boussingault, Ann. de Chim. et de Pl\ys. 

Ixi. 167. 

% Mean of 32 years* observations. Saussure, Ann. de Chim. et de 
Phys. xliv. 32. 
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Chap. in. we have not sufficient data, let us confine^ ourselves to Great 
Britain. The annual evaporation for Great Britain is pro* 
bably about 32 inches. The following table exhibits the mean 
annual fall of rain in different places in Great Britain : — 


Excess 
above eva- 
poration. • 


Manchester ..... 

36*140 inches 

Liverpool 

34*119 

Chatsworth 

27*664 

Lancaster 

39*714 

Kendal ..... 

53*944 

Dumfries ..... 

36*919 

Glasgow 

21*331 

Edinburgh 

24*5 nearly 

Kinfauns Castle, near Perth, 


(1) On a hill, 600 feet above the sea 

39*61 

(2)* In the garden, 20 fefct do. 

25*19 

(3) On Kinfauns castle, 129 feet do. 

' 20*76 

London 

24*04* 

• 

Mean .... 

30*33 


But I have not inserted the mean rain at many places where 
it is very considerable. At Plymouth, for instance, it is not 
less than 44 inches. The annual fall in the Stockcy-muir, 
about 12 miles from Glasgow, is about 42*6 inches ; at Green- 
ock about 42*6 inches; at Largs about 43 finches; and at 
Gordon Castle about 29 # 3 inches. I think, therefore, that 
(including the dew) the mean fall of rain over all Great Britain 
cannot be estimated at less than 36 inches. f *- * 

If this estimate be a near approximation to the trutHFlfee 
evaporation is less than the rain by about 4 inchesJjSp%ls 
excess must be supplied from the neighbouring seas. Tro four 
inches of rain not again elevated in the state of vapour must 
be annually carried into the sea by means of the different 
rivers. * 

Now a quantity of water which would cover the whole sur- 
face of Great Britain to the depth of 4 inches (supposing that 
surface level) would amount to 1,238,784,152,000,000 cubic 
inches, which is equal to 4,467,725,610,767 imperial gallons, 

* Lake Howard. Mean of 20 years* observations, from 1797 to 1816. 
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or 17,729,069,884 * 0118 , supposing the ton to contain 252 ira- Sect. in. 
perial gallons.* ~ 

Let us compare this with the quantity of water actually 
conveyed to the sea by some of the principal rivers in* Great 
Britain/ 

The breadth of the Clyde at the New Bridge, Glasgow, is Quantityof 
410 feet, and its mean depth 3^. The velocity of the water J^ciyde. 
at the surface is 1*23 inches, and the mean velocity of the 
whole water is 0*558,132 inch per second. From these data, 
it may be inferred that the quantity of water discharged per 
second is 76§ cubic feet. This amounts to 2,417,760,000 
cubic feet, or 473,017,448 imperial gallons, or 1,877,053 tons. 

The river Clyde drains about *\jth of Scotland, or about d 
part of Great Britain : hence if the water discharged into 
the sea by the Clyde afforded a fair average of the whole 
island, the total amount of the water discharged annually by 
all the rivers in Great Britain would be only 155,795,399 
tons, which does not amount to one-hundredth part of the ex- 
cess of the rain above the evaporation. 

But there are two circumstances which serve in some mea- 
sure to account for the enormous difference between the two 
quantities. The water discharged by* the Clyde was deter- 
mined in summer, when the river is always much smaller than 
during winter. It is therefore considerably under the real 
quantity, though I have no data to determine how much. The 
district drained by the Clyde is not nearly so rainy as many 
other tracts both ^n England and Scotland : hence the water 
which it discharges should be less than the average for Great 
Britain To this may be added that the size of the tract of 
country drained by the Clyde is somewhat arbitrarily estimated 
at ^ 0 th of Scotland. The want of good maps makes it very 
difficult to determine how much it is in reality. 

If our estimate of the difference between rain and evapora- 
tion be an approximation to the truth, it follows that gth of 
all the rain that falls is raised by evaporation from the sea. 

* In making this calculation I have supposed the area of Great Britain 
to be 77,244 square miles. 
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Chap, in. This is one of the reasons why the most rain falls on the west 
coast of Great Britain when the wind blows from the south- 
west and west, and most upon the east coast when it blows 
from the east. As the west wind blows for a much longer 
period of the year than the east wind, more rain falls on the 
west than the east coast of Great Britain. Glasgow, which 
is an inland city, and at some distance from the mountains, 
is drier than Edinburgh, which is more contiguous to the 
Eastern Ocean, and much drier than Greenock or Largs, which 
are contiguous to the Western Ocean. 

10. While the moisture present in the atmosphere continues 
in the state of vapour it is perfectly transparent and colourless ; 
or at least it only communicates to the sky that lively blue 
colour which we observe it to. possess when the atmosphere is 
loaded with vapour. This colour seems owing to the pro- 
perty which vapour has of absorbing the least refrangible rays 
of light, and transmitting only the most refrangible. For it 
is well known that the aspect of the sky becomes darker and 
darker in proportion as we ascend in it ; and when we get to 
such a height that all tlio aqueous vapour is left below us, the 
sky appears to the eye perfectly black. This is the aspect 
which it has from the 0 top of Mont Blanc, as described by 
Saussure, and likewise from the summits of the Andes. 

But though the presence of vapours cannot be detgpted in 
the atmosphere by their colour, yet we can easily judg^when 
the air is loaded with them ; because we can see to ^much 
greater distance, and the outline of the distant mountains is 
much more distinct than when the air is dry. In this country 
it is a comparatively rare thing to see the sky perfectly f trans- 

ciouds. parent. Much more frequently the vapour assumes a visible 
form, or becomes that opaque fleecy-looking matter which we 
denominate a cloud. Sometimes these clouds are very high, 
very thin, and very small in size. At other times they sink 
lower down and envelope the whole face of the sky. Some- 
times two, or even three layers of clouds can be seen at dif- 
ferent heights above each other. Whenever this happens, one 
of the layers is moving with more velocity than the others, or 
we observe one layer moving in one direction, and another in 
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a different one. # Sometimes these clouds sink down to the Sect, ill. 
very surface of the earth, and envelope it, in which case they 
are known by the name of mists or fogs. 

There seems little reason to doubt that the cause to which How form- 
Dr Hutton ascribed the formation of rain, is in reality the * * 
cause of the formation of clouds. Dr Hutton showed, by 
experiment, that when air of different temperatures, each con- 
taining as much vapour as is compatible with the temperature, 
are mixed together, a precipitation of moisture always takes 
place. A simple inspection of the table of the force of vapour 
given in page 210 will be sufficient to satisfy us that this 
must always be the case. 


The force of vapour at . 

do. do. 

The mean of which is 
But the force of vapour at 


40° is 0*26 inch. 
60° is 0-52 
0-39 
50° is 0-36 


Now since 0*36 is less than 0*39, it is clear that whenever 
two such strata are mixed, a precipitation of moisture must 
always take place. Again, 

The force of vapour at . . 60° is 0*52 inch. 

do. do. . . • 80° is 1*01 

The mean of which is . 0*76 

But the force of \apour at 70° is only 0*726 


showing clearly that when air at 60° and 80°, each saturated 
with moisture, are mixed, moisture must be precipitated. 

Now, whenever moisture is precipitated from air, in conse- 
quence of the mixture of . air of different temperatures, this 
precipitated moisture always assumes the appearance of a 
cloud or mist. We have a good example in the cloud formed 
when steam issues from the spout of a boiling tea-kettle. 
The steam has the temperature of 212°, and we shall suppose 
the air at 60°, and saturated with moisture. 

Force of vapour at . . 60° is 0;52 inch. 

do. do. . . 212° is 30 

The mean of which is . . 15*26 


But the force of vapour at 136 c , the intermediate tempera- 
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Cha p, ill, ture, is only 5*14 inches: hence a great proportion of the 
vapour must be precipitated. But this precipitated vapour, 
instead of assuming the form of drops of water, which one 
would have expected, is converted into a cloud or mist . 

doudsf ° f Now mist or a cloud consists not of solid drops ; but of a 
multitude of very thin vesicles of water, enclosing some aerial 
substance within them, similar to the vesicles usually blown 
from soap suds. That this is the structure of clouds and 
mists was affirmed by Derham and others, his contemporaries. 
Derham informs us, that he examined them by means of a 
microscope, and found them to be vesicles.* Indeed, the 
vesicular structure is obvious from the circumstance of clouds 
continuing elevated at a considerable height in the atmosphere, 
and that fogs may be often ^een elevating themselves up the 
sides of mountains. If clouds or fogs consisted of round 
drops , their precipitation would be rapid. For a drop whose 
diameter amounted to r^tli of an inch would acquire a 
velocity of nine or ten feet per second. Whereas we see 
clouds hover at a small elevation for hours, and they can in 
consequence be transported from the sea, lake, river, or marsh, 
from which they are raised, far into the country or to the tops 
of mountains, where the requisite supply of moisture cannot 
be had any other way. 

composed of Saussure, senior, while travelling in the Alps, liap- 

vesides. pened to be enveloped in a mist which was almost stagnant. 

He was astonished at the size of the drops, as he thought 
them, and at seeing them floating slowly past him without 
falling to the ground. Some of them were larger than the 
largest peas. Catching them in his hand he found them to 
be bladders, inconceivably thin, and he found upon examina- 
tion that they all had this structure. Indeed the optical 
phenomena exhibited by clouds and mists, show clearly that 
they are of a vesicular structure. If clouds were composed 
of drops they would exhibit a rainbow every time the sun 
shone upon them, supposing the spectator placed between the 
sun and the cloud. No such appearance, however, ever takes 


* Dcrhain’s Physico- Theology, p. 48. 
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place. But every person must have observed the halos which Secern. 
are formed when a portion of fog is interposed between our 
eye and the sun or moon. The same halo may be perceived 
when the cloud formed by the mixture of steam and air is 
interposed between our eye and a candle or the sun. Accord- 
ing to the measurements of De Saussure, the diameter of the 
smallest of the vesicles, of which clouds are usually composed, 
is about tsVs* and of the greatest about 7^5 of an English 
inch. 

But though there is no doubt that clouds consist of a con- 
geries of vesicles, we have no conception of the way in which 
these vesicles are formed. Nor is it easy to conceive why 
these vesicles are sometimes lighter than air, sometimes a 
little heavier, and sometimes exactly of the same specific 
gravity with the air in which they float. Indeed, if the aerial 
matter with which these vesicles are filled were saturated with 
moisture, while the air in which they float is dry, we would 
see a reason why they should be lighter than air. On such a 
supposition the clouds should rapidly disappear. Accordingly 
we generally find that when clouds rise in the atmosphere 
they speedily diminish in size, and at last vanish away; being 
gradually converted again into vapour. • If the air within the 
vesicles were in the same state with respect to moisture as the 
air in which the cloud floats, the vesicles should be heavier 
than air, and constitute what we distinguish by the name of 
Jogs. 

The most probable cause of the difference of gravity be- 
tween clouds and the air in which they float is a difference in 
their temperature from that of the surrounding medium. The 
formation of clouds seems to be connected with electricity, 
though in what way the vesicular form is induced by electri- 
city, we have no conception. The vesicles seem to be all 
charged with the same kind of electricity. This causes them 
to repel each other, and of course prevents them from uniting 
into drops of rain. 

Clouds then are formed whenever two strata of air of dif- 
ferent temperatures, and each saturated with moisture, are 
mixed together. The sky in this couutry is usually much 
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Chap. ill. freer from clouds when the wind blows from the east than 
when it blows from the west: because the temperature of 
the east wind being low, there is less chance during its con- 
tinuance of strata of different temperatures mixing together. 
The comparatively high temperature of the west wind ren- 
ders the chance of an intermixture of air of different tempera- 
tures during its continuance much greater. Should a west 
wind blow in the upper regions of the atmosphere, while an 
east wind blows near the earth, the whole sky would become 
clouded, because the contiguous portions of the two strata 
mixing together would occasion a deposition of moisture. 

Formation 11. The formation of rain is still involved in impenetrable 

ot lam. obscurity. Rain never falls in this country unless the sky be 
cloudy, and unless that peculiar kind of dense black cloud 
appear well known by the name of rain cloud . Whenever the 
particles constituting clouds lose their vesicular form and 
unite together in drops, rain falls. This change is probably 
connected with some electrical phenomena which are not yet 
understood. Clouds are attracted by mountains, and more 
rain falls in mountainous districts than in any other. We 
can conceive the mountain in the opposite electrical state from 
the cloud. This would account for the attraction. WTien 
the cloud came close to the mountain its electricity would be 
abstracted, and the vesicles in consequence might collapse 
into drops. 

til« Vaiiea 1 that part of Peru called Valles, which lies on the 

north and south side of Lima, in south latitude 12°, bounded 
on the east by the Andes, and on the west by the Pacific 
Ocean, it never rains at all ; but during winter the earth is 
covered with so thick a fog as to intercept the rays of the sun. 
This fog appears almost every day during winter with a den- 
sity that obscures objects at any distance. About 10 or 11 
o’clock it begins to rise, but without being totally dispersed ; 
though it is then no impediment to the sight, intercepting 
only the direct rays of the sun by day, and that of the stars 
by night. Sometimes it is so far dispersed that the disc of 
the sun becomes visible, but the heat from his rays is still 
precluded. In the winter season these vapours dissolve into 
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a very Small mist or dew, which they call garua , , and thus 
everywhere moisten* the earth. These garuas never fall in 
quantities sufficient to damage the roads or incommode the 
traveller; but they render the most arid and barren parts 
fertile. They convert the disagreeable dust in the streets of 
Lima into mud. 

Now, in that country the wind always blows from the south ; 
that is from a colder to a warmer region. Sometimes it veers 
a point or two to the east ; but it always blows between the 
south and south-east. When the fogs come on the south 
wind is barely felt, and a scarcely perceptible air seems to 
come from the north, which forms the fog.* 

^The obvious reason why it never rains in that country is 
that the wind constantly blows from a colder to a hotter part 
of the world. We see also the cause of the fogs. They are 
occasioned by the mixture of the hot air from the north with 
the colder air from the south. 

Rain is produced by irregular winds. If the winds were 
always to blow steadily in the same direction no rain whatever 
would fall. 

When a country is quite flat, as is the case with Egypt, it 
seldom rains, although the w inds are ifot quite steady. In 
Egypt it very seldom rains. During June, July, August, 
and part of September, the wind blows from the north. 
During the latter part of September it blows from the cast. 
The winds are most variable about the winter solstice. From 
that to March they are mostly southerly .f 

The heavy rains that fall in India always take place during 
the shifting of the monsoons, and while they last the winds 
are always variable. Even in this country steady dry weather 
is always accompanied by a steady direction of the wind, 
whereas in rainy weather the winds are unsteady and vari- 
able. 

These facts are sufficient to show the connexion of rain 
with the variable nature of the winds. 
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Rarely 
rains in 
Egypt 


Rain owing 
to vaiiable 
winds. 


* Sec Ulloa’s Voyage, vol. ii. 


t See Volney’s Travels. 
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SECT. IV. — OF THE ATMOSPHERE. 


It may not be improper to introduce here a few circum- 
stances respecting the atmosphere, though rather loosely 
connected with the subject of this chapter; the object of which 
is to state the facts connected with the conversion of liquids 
into vapours or elastic fluids. 

What is called the atmosphere , is the invisible aerial body 
which surrounds the earth to a considerable height, and 
which revolves round the axis of our planet like the earth and 
the ocean. 

Constitu- It is a mixture, or rather a compound, of two gases, oxygen 
mimu au( j azote, containing 20 volumes of the former, and 80 volumes 
of the latter. But it always contains, besides, a small admix- 
ture of carbonic acid gas, and more or less water in the state 
of vapour, which of course modify somewhat the quantity of 
oxygen and azote in 100 cubic inches of air. 

The quantity of carbonic acid gas in air is very small, 
scarcely amounting to — oV^th of the volume of the air; an$ 
it never increases, though enormous quantities of it are cott 
stantly produced and thrown into the atmosphere. * 

Quantity of Every individual, At an average, by breathing, throws 272 

acid form- cubic feet of carbonic acid gas into the air in 24 hours. If 
e the population of Glasgow be 260,000, the quantity of car- 

bonic acid gas thrown by them into the atmosphere would in 
24 hours amount to 78,798,510 cubic feet; if we admit the 
other animals, horses, cattle, dogs, cats, birds, &c., to amount 
to ~th of 260,000, they would produce about 8,000,000 
cubic feet more, so that the whole carbonic acid produced 
in Glasgow by breathing, in 24 hours, is 86,798,510 cubic 
feet. 

If we suppose the consumption of coals in Glasgow and the 
neighbourhood to amount daily to 2000 tons, this will pro- 
duce 1,078,510 cubic feet of carbonic acid; so that the whole 
carbonic acid gas thrown into the atmosphere in Glasgow 
iaily must amount to 87,877,020 cubic feet. 

Every volume of carbonic acid gas produced, renders 5 
volumes of air unfit for respiration: hence, in 24 hours 
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439,385,100 cubic feet of air are rendered unfit for respira- Sect. iv. 
tion, or in fact perfectly poisonous. 

Now, a base of 4 square miles, with a height of 100 feet, 
contains 44,605,000,000 cubic feet, of which 8,921,000,000 
cubic feet are oxygen gas ; consequently* in little more than 
117 days the whole oxygen in that space would be converted 
into carbonic acid gas, and every creature in Glasgow, and its 
environs, would be destroyed. Yet if we examine the atmo- 
sphere in Glasgow or its neighbourhood, we find it always to 
contain the usual quantity of oxygen gas, and the proportion 
of carbonic acid never exceeds n^-th of the volume — a 
proof that both the carbonic acid and the azote of the air are 
dissipated with extreme rapidity. Were this not so, the atmo- 
sphere near the surface of the earth would long ago have been 
unfit for supporting animal life. 

The quantity of atmospherical air is such as to equal the anno*" 
weight of a hollow sphere of quicksilver, thirty inches thick, sphere 
and covering the whole surface of the globe. Now, as air is 
3425 # 9 times lighter than mercury, it follows that if its den- 
sity in the higher regions were as great as at the surface of 
the earth, the height of the atmosphere above the surface of 
the earth would be only 1’64 mile. But# it is well known that 
the density of the air diminishes as we ascend ; and if we 
reckon the height in an arithmetical progression, the diminu- 
tion of density will go on in a geometrical progression. 

It is said that air-pumps have been constructed so excellent 
that they were capable of rarifying air 1000 times. Now, at 
the height of 42 miles this would be the rarity of the atmo- 
sphere; so^hat if a barometer were elevated 42 miles above 
the surface of the earth, the height of the mercury in it would 
be rather less than ioVsth of au inch. 

Kepler pointed out a very ingenious way of determining at 
what height the atmosphere ceases sensibly to refract light. 
Twilight ceases when the depression of the sun below the 
horizon amounts to 18°. Now, it is easy to deduce from this, 
that the atmosphere, when its height exceeds 49 miles, ceases 
• sensibly to refract light. This of course is the height of the 
atmosphere as far as utility is concerned. But it is extremely 
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Chap. Ill, probable that it extends farther than this. Nor is there any 
difficulty *in assigning its absolute limit. The higher parts of 
the atmosphere are carried round the earth in 23 hours and 
56 minutes, by the rotation of the earth about its axis. Now, 
these parts would be projected from the earth, and would leave 
it altogether if their centrifugal force were greater than their 
gravitation to the centre. But the centrifugal force varies 
directly as the distance, while gravitation varies as the square 
of the distance. It can easily be shown, that these two forces 
become equal at the distance of 6*6 radii of the earth, or about 
26,000 miles : hence we arc sure that no part of the atmo- 
sphere can be farther from the surface of the earth than 26,000 
miles. * ^ 

height of The mean height of the barometer which measures the 
the baro- quantity of atmospheric air, is, at the surface of the sea and 
meter. ^ the temperature of 32°, 29*9546 inches. So that at the 
temperature of 60°, the mean height of the barometer at the 
level of the sea is 29*9869 inches, or only 0*013 inch less than 
30 inches.* $ 

Variation When we continue to observe a barometer in the same place, 

of the baro* . , - . . , • - , 1 . 

meter. every body knows that it does not remain stationary, but rises 
and falls. This alteration in height is connected with the 
winds. Accordingly, in the torrid zone, where the winds are 
pretty regular, the rise and fall are very trifling, amounting 
only to a few tenths of an inch. At Madras, for example, the 
mean range of the barometer is only 0*6 inch. The greatest 
annual range ever observed in that place, was 0*964 inch, and 
the smallest 0*462 inch. 

As we advance northwards or southwards fromihe equator, 
the range increases. In Glasgow it amounts toTT?)5 inches, 
and at St Petersburg it exceeds 3 inches. 

It has been observed that there are two periods of every 
day when the barometer is highest, and two corresponding 
periods in which it is lowest. These maxima and minima 

. * In consequence of this near approach, wc reckon usually in this coun* 
try the mean height of the barometer at the level of the sea, 30 inches. 
In France they consider it at 0*76 metre, which is equivalent to 29*92196 * 
inches ; so that the French determination is not so near the truth as ours. 
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points are observed in all parts of the earth nearly at the same Sect. IV. 
time of the day ; showing that they originate in tides of the 
atm'osphere, occasioned hy the action of the sun. 

The barometer is highest of all between nine and ten in the 
morning. It has another maximum, but not quite so high, be- 
tween ten and eleven at night. Its lowest points are between 
four and five in the evening, and four and five in the morning. 

1. From between ten and eleven in the morning, the baro- 
meter continues to fall till between four and five in the even- 
ing, when it reaches its point of greatest depression. 

2. From between four and five in the evening, it continues 
to rise till between ten and eleven in the evening, when it 
reaches its second maximum point. 

3. From between ten and eleven in the evening, it continues 
to fall till between four and five in the morning, when it 
reaches its second minimum point. 

4. Finally, it rises from between four and five in the morn- 
ing, till between nine and ten in the forenoon, when it is highest 
of all. 

These oscillations extend from the equator to latitude 64° 8', 
beyond which point they have not yet been looked for ; but 
they diminish in amount as the latitude •increases. Thus the 
fall between ten and eleven p,m., and four and five a.m. is, 

In London .... 0*0 1 62 inch 

At Bombay . . . 0*0437 

At Poona, (2000 feet high) . 0*0181 

The rise from four and five a.m., to nine and ten a.m. is, in 

London . . . . 0*0185 inch 

' 4fcabay , 0‘0562 

Poona .... 0*04 15 

The fall from nine and ten a.m., to four and five p.m., 

London .... 0*0289 inch 

Bombay .... 0*1142 

Poona . . . . 0*1164 

And the rise from four and five p.m., to ten and eleven p.m., 

London .... 0*0272 inch 
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Mean tem- 
perature. 


Bombay . , 0*0896 inch 

Poona .... 0-0884* 

These oscillations are doubtless owing to tides in the atmo- 
sphere, occasioned by the action of the sun. If the height of 
these tides be proportional to the difference between the specific 
gravity of air and quicksilver, the morning tide will be about 
13 feet, and the evening tide about 25 feet. 

The mean temperature of the air at the level of the sea is 
highest at the equator, and gradually sinks as we advance to- 
wards the poles. Professor Mayer, of Gottingen, was of 
opinion that the mean temperature of any place at the level 
of the sea was obtained by multiplying the mean temperature 
at the equator by the square of the cosine of the latitude. But 
this empyrical rule fails when we apply it to high latitudes. It 
gives us the mean temperature at the pole 32 u , while we are 
certain from the tkermometric tables of Parr) and Ross, the 
latter of whom spent four years in the dreary latitude of 70°, 
at the north-east corner of North America, that the mean tem- 
perature of the pole must be considerably below zero. . 

Sir David Brewster, in 1820, proposed anothd** e&pyrical 
rule, which in ordinary latitudes approaches prStiy hear the 
truth. It is this. Multiply the mean heat at the equator by 
the cosine of the latitude. 

Humboldt has shown by numerous observations, that the 
mean temperature at the equator and on a level with the sea, 
is 81°-5. The mean temperature of latitude 45°, is 56°. 
Now Brewster’s formula gives 57°£, or within a degree and-a- 
half of the truth. But this formula gives the mean tempera- 
ture of north latitude 70°, 17 0, 58; whereas, tlmnean tem- 
perature deduced from a series of observations, Kept by Sir 
John Ross every two hours for throe years, gives the mean 
temperature of that latitude and west longitude 96° only 0-82, 
or not quite one degree above zero. 

The mean temperature at Paris in latitude 48° 49', is 
51°*4796;f that of London about 50°; that of Glasgow 47°*75. 

* Sykes, Phil. Trans. 1835, p. 161. 

t Determined by Bouvard from the maxima and minima for 28 years, 
from 1806 to 1834. See Poisson’s Theorie Mathematique de la Chaleur t 
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At Geneva, situated about 1640 feet above the level of the sea, Sect. IV. 
but in latitude 4d ri 20' N. the mean temperature is 49° 55'. 

The tewpci f ure ai Oh. 30' \.m., is very nearly the mean tem- 
perature of the day. 

The range of the thermometer increases with the .latitude 
and with the height abou the sea 


At Poona 

,>3°*4, 

or trom 40 o, 5 

to 93°-9 

Paris 

70*2, 

23-4 

99-6 

Berne 

119-25, 

--24 

95-25 

St Petersburg 

127-1, 

—35-7 

91-4 

Victoria harbour* 

130, 

—0*0 

70 


But in Great Britain this rule does not hold, our heat and 
♦ old being both checked by the -proximity of the sea. The 
z\ eatest range of the thermometer is, 

[n London 93° from 0° to 93° 

Glasgow 84 0 84 

The mean temperature of the table-land in India is much 
higher than it ought to be from calculation. At Poona, at 
an elevation of 2000 feet ai« >ve the .sea,, the mean temperature 
is 77°*7. 

On the west coast oi Europe, th * meau temperature is con- 
siderably higher than at the same latitude on the east coast of 
America or Asia. 


At Enoutekis 

TaJ^c- bay,' Labrador 

Stockholm 

Newfoundland 

Belgium 

Boston 



p. 463. TV mean height of the them ometcr in the cave below the Ob- 
servatory at Paris, 92 feet under the surface, is 53° *31 from a mean^of 
352 observation^, made from 1st July, 1817, to 18th January, 1835, by 
M. Bouvard, Ibid. p. 412. 

* About N. lat. 70°, where Sir John Boss spent several years. 

u 
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Chap. IV. Latitude. 

Rome . . 43° l. . 

Raleigh, Carolina 36 J ** lS * * 

Pekin . . 39 54' . 55 £ 

In America the winters are colder and the summers warmer 
than in Europe. 


CHAPTER IY. 
OF IGNITION. 


By ignition (perhaps the word incandescence would answer 
better) is meant a property which bodies possess of giving out 
light whenever their temperature is raised to a certain point. 
When a body is heated up to the temperature of incandes- 
cence we say in common language that it is red hot . 

1. There is reason to believe that all bodies (susceptible of 
the property) become red hot at exactly the same temperature* ; 
But the exact point of incandescence lias not been determined. 
There are two reasons for this. 1. It is higher than the , 
range of a mercurial thermometer. Consequently we are not 
in possession of an instrument capable of measuring it with 
precision. 2. But even if we had such an instrument, it would 
not be easy to determine the point of incandescence, because 
that point is not well defined. We depend upon the acuteness ' 
of our sight to inform us of the beginning of ignition. Now 
we are not sure that we can perceive the very weakest light. 
The presumption is rather the contrary, as we know that 
other animals see objects in such weak light as appears to us 
to be darkness. And even our eyes will in one condition be 
affected by a weak light to which they are insensible at another 
time. 

Bodje^bc- Sir Isaac Newton calculated the temperature at which a 

hot at 800®. piec$ of iron begins to shine in the dark to be 635°. He sup- 
posed that the heat lost by such an iron, when suspended in a 
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cold room in a given time, was always proportional to the ex- Chap, iv . 
cess of its heat above that of the surrounding medium. He 
measured the time which elapsed while the iron was cooling 
from a red heat till it became cold enough to bear the appli- 
cation of a thermometer, and then observed the rate of its 
cooling till it reached the temperature of the room. This 
enabled him to calculate what the original temperature of the 
iron had been. But this law of Newton, though plausible 
and seducing, is very different from the real law of cool- 
ing. We arc sure that the lowest point of ignition is higher 
than 635° ; for the boiling point of mercury is 662°, and 
boiling mercury is quite invisible in the dark. Mr Daniell 
measured, by means of his metallic pyrometer, the lowest point 
at which a heated iron appears red hot in daylight, and found 
it 980° Fahrenheit. But this must be a good deal higher than 
the point of ignition of the same iron in the dark. Antimony, 
when heated to the melting point, appears visibly red hot in the 
dark. Now, Dr Cromwell Mortimer found the melting point 
of this metal to be 810°. From an experiment by Sir H. 

Davy it appears that fusible metal becomes luminous when 
heated to the temperature of 812°.* The point of ignition 
is even lower than 810°. We cannot err very far if we 
place the commencement of ignition at 800°, or between 750° 
and 800°. Mr Princep has determined, by means of an air 
thermometer, that a full red heat indicates a temperature of 
1200°; and what he calls an orange heat, a temperature of 
1650o. 

From the experiments of Mr Thomas Wedgewoocl, we have 
reason to conclude that all bodies susceptible of the requisite 
temperature become red hot at exactly the same point. Wood 
and most liquids cannot be made luminous by heat, because 
they are dissipated long before they reach the requisite tem- 
perature. But metals, stones, and earthy bodies, can all be 
heated to redness. 

There is, however, one remarkable exception to this. It ^ 0 a t s ^ ( lJ® ne 
does not appear that the gases become luminous even at a much hot - 


* Phil. Trans. 1817, p. 53. 
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CUp., IV. higher temperature. The following ingenious experiment of 
Mr T. Wedgewood seems to set the truth of this exception in 
a very clear point of view. He took an earthenware tube, 
bent so in the middle that it could be sunk, and make several 
turns in a large crucible, which was filled with sand. To one 
end of this tube was fixed a pair of bellows ; at the other end 
was a globular vessel, in which was a passage, furnished with 
a valve to allow air to pass out, but none to enter. There 
was another opening in this globular vessel filled with glass, 
that one might see what was going on within. The crucible 
was put into a fire ; and after the sand had become red hot, air 
was blown through the earthen tube by means of the bellows. 
This air, after passing through the red hot sand, came into the 
globular vessel. It did not ghine; but when a piece of gold 
wire was hung at that part of the vessel where the earthen- 
ware tube entered, it became faintly luminous: a proof that 
though the air was not luminous, it had been hot enough to 
raise other bodies to the shining temperature. 

M. Saissy concluded from his experiments that oxygen gas, 
air, and chlorine gas, when suddenly compressed, become lumi- 
nous; but that this is not the case with any other gaseous 
bodies. Thenard has«shown that the light was owing to the 
combustion of some matter (oil for example), attached to the 
piston, and that when no combustible matter was present, no 
light whatever was evolved by the compression of these gases.* 
He showed also that when oxygen gas is compressed by a 
column of mercury of 102£ inches, a piece of fir placed in it 
takes fire and burns brilliantly when heated to 485°*; but 
that when the gas is merely subjected to the ordinary atmo- 
spheric pressure, fir cannot be kindled in it though heated to 
662°.t 

Li|lu heats 2. Thus it appears that whenever a body is heated to a 
certain point (about 800°) it immediately begins to emit light. 
On the other hand, whenever light is concentrated upon the 
surface of opaque bodies they always become hot. Indeed all 
opaqu# 1 bodies become hotter when they are exposed to the 
# 

Ann. dc Chim. et de Phys. xliv. 182. 


t Ibid. p. 184. 
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direct rays of the sun. The degree of heat induced is in- Chap. IV. 
fluenced by the colour of the body ; for black bodies, ceteris 
paribus , acquire the most, and white bodies the least heat. 

When the? colour of a body is neither white nor black, the de- 
gree of heat induced is proportional to the depth of the shade. 
Supposing the shades equal, blue is the colour that becomes 
hottest next to black; green and red follow next after blue; 
and yellow is next to white. The reason seems to be that the 
intensity of these colours, measured by depth of shade, is in 
the order in which they have been named. Blue may be so 
intense as to differ but little from black . Gadolinite has so 
deep a shade of green that to the eye it appears almost black. 

The same remark applies to some varieties of hornblende. 

Red and yellow are such lively colours that they seldom are so 
deep as to be mistaken for black. 

The degree of heat producible by the direct rays of the sun ii ea t from 
is not easily ascertained; because it is apt to be dissipated as^ 801 * 1 * 
fast as it accumulates. M. de Saussure made a little box 
lined with fine dry cork, the surface of which was charred to 
make it black and spongy, in order that it might absorb the 
greatest possible quantity of the sun’s rays, and be as bad a 
conductor of caloric as possible. It whs covered with a thin 
glass plate. When this box was set in the sun’s rays, a ther- 
mometer laid in the bottom of it lose in a few minutes to 221°; 
while the temperature of the atmosphere was only 75?.* Pro- 
fessor Robison constructed an apparatus of the same kind, em- 
ploying three very thin vessels of flint glass, which transmit 
more heat than any of the other species of glass. They were 
of the same shape, arched above, with an interval of J inch 
between them. They were set on a* cork base prepared like 
Saussure’s, and placed on down contained in a pasteboard 
cylinder. With this apparatus the thermometer rose often in 
a clear summer day to 230°, and once to 237°. Even when 
set before a bright fire, the thermometer rose to 212 a .t But 

• * Voyages sur les Alpes, ii. 932. 

t Black’s Lectures, i. 547. When the apparatus was carried to a damp 
cellar before the glares wore put in their places, so that the air within 
was moist, the thermometu non rose ahosc 208° : hence Dr Robhon 
< i 
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Chap, iv. w hen its rays are concentrated by a burning-glass, they are 
capable of setting fire to combustibles with ease, and even of 
producing a temperature at least as great, if not greater, than 
what can be procured by the most violent and best "Conducted 
fires. In order to produce this effect, however, they must be 
directed upon some body capable of absorbing and retaining 
them; for when they are concentrated upon transparent bodies, 
or upon fluids, mere air, for instance, they produce little or no 
effect whatever. 

Count Rumford has shown by direct experiment, that the 
heating power of the solar rays is not increased by concentra- 
ting them into a focus, but that the intensity of their action is 
occasioned by a greater number of them being brought to bear 
upon the same point at oncew* 

Lavoisier, by means of a powerful burning-glass, not only 
melted gold, but actually caused it to evaporate ; for a piece 
of silver placed at some height above the gold was sensibly 
gilded. The utmost heat of a glass-house furnace, acting on 
gold for a month, ^produced no sensible evaporation of that 
metal whatever. 


Thus it appears that when heat is accumulated in bodies to 
a certain amount, it Causes them to emit light ; and that, on 
the other hand, when light is accumulated in them, it causes 
them to become hot. There is indeed one apparent exception 
mown noV** general law. Tl^p light of the moon, though concen- 

bot. trated by the most powerful burning-glasses, is not capable of 
raising the temperature of the most delicate thermometer. M. 
de la Hire collected the rays of the full moon when in the 
meridian by means of a burning-glass 35 inches in diameter, 
and made them fall upon # the bulb of a delicate air thermometer. 
No effect was produced, though the lunar rays by this glass 
were concentrated 306 times, f But this is not surprising when 
we consider the prodigious difference between the intensity of 
the solar and lunar rays. M. Bouguer, by a very simple apd 


ingenious set of experiments, has shown that the illuminating 


concluded, that moist air conducts better than dry ; a conclusion fully con- 
firmed by the subsequent experiments of Count Rumford. Y 

* Jour, de Pbys. lxi. 32. f Mem. Paris, 1705, p. 346. 
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power of a solar ray is 300,000 times greater than that of a Chap, iv. 
lunar ray of the same size/ Indeed, we may satisfy ojprsetyps 
by a very simple calculation that this estimate of Bouguer is 
not below the truth. During a part of every lunation, we have 
an opportunity of seeing the moon in the sky at the same time 
with the sun. If we compare the moon under such circum- 
stances with a white cloud, when any such happen to be in its 
neighbourhood, the brightness of the moon and the cloud ap- 
pear to the eye very nearly identical. So that the moon emits 
no more light than is emitted during the day by a white cloud 
of the same visual size. When the whole sky is covered with 
white clouds, the direct rays of the sun are intercepted; but the 
light of the day is very nearly the same as if the sky were un- 
clouded and the sun shining. It follows from this that the 
light emitted by the moon is to that emittedjfry the sun as the 
apparent size of the moon to that of the whole sky. Now the 
moon, when its visual diameter is a maximum, does not cover 
one-millionth part of the hemisphere of the sky. But let us 
take Bouguer’s measurement, and let us.admit that the direct 
rays of the sun are capable of elevating the thermometer 237°- 
The rays of the moon would only possess 3 — ^- -th part of this 
effect, or TT j n th part of a degree. &o that even when con- 
centrated 306 times the effect would scarcely amount to j- of 
a degree. But I am satisfied that the light of the moon is at 
least of times less intense than that of the sun, so that 

their heating power, even when concentrated 306 times, could 
not amount to so much as ^th of a degree. 

Attempts were made to ascertain whether the rays of the 
moon would produce any effect on the thermo-multiplier, both 
by Melloni and Professor Forbes, but they could discover fco 
appreciable action. Professor Forbes concentrated the moon’s 
rays 3000 times, and made them fail upon the thermo-multiplier, 
but the needle made no appreciable motion $ the motion cer- 
tainly did not amount to a quarter of a degree.f 

3. How comes it that heat and light are mutually disposed 

to produce each other? Various solutions of this S&stibn light mutu- 
ally evolve 
< 4 each other? 

f 

* Mom. Paris, 1726, p. 12. f Phil. Mag. (3d Senes) vi. 138. 
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Chap, iv. have been offered at different times by thosa^hilosophers who 
: s$e fond of speculating on such subjects. '^It was believed 

that there exists a mutual repulsion between the particles of 
light and heat, and hence it was inferred that the accumulation 
of either would occasion the expulsion of the other. And this 
was offered as a sufficient explanation of the phenomena. But 
when we examine appearances somewhat closely, they afford 
but little to induce us to adopt such an opinion ; if they be 
not (as I think they are) directly inconsistent with it. 

The quantity of light given out by bodies always increases 
with the temperature. At first it is very feeble, then it be- 
comes a dingy red, then a bright red, then yellow or orange, 
and at last so intense a white that the eye cannot behold it.^ 
Now, if we adopt the notion that the light thus emitted existed 
previously in the luminous body, we must admit that every 
body in nature possesses the very same quantity of light, and 
this quantity must be allowed to be inexhaustible ; for the 
light continues as long as we keep up the temperature. An 
ounce of gold might be kept red hot for a month or a century, 
and that by communication of heat from a body not itself 
luminous, as heated air, without any diminution of the inten- 
sity of the light which it is constantly emitting. The same 
remarks must apply to the quantity of heat which all bodies 
contain ; for the heat emitted by them is always proportional 
to the quantity of light concentrated upon them. So that by 
powerful burning-glasses, as high a temperature is produced 
in bodies as can by any other method. Thus, the hypothesis 
that we are considering supposes that all bodies contain an 
infinite quantity both of light and heat — a supposition quite 
inconsistent with the very hypothesis from which it flows. 

A second hypothesis supposes that light and heat are abso- 
lutely the same thing, the only difference between them being 
that light is radiated in straight lines through space, while 
heat exists fixed in bodies. It produces the phenomena of 
light while it is moving in rays, and the phenomena of heat 
wfiile tt is fixed in bodies ; or, according to the undulation 
theory at present fashionable, the undulations of ether which 
produce heat, are larger than those which produce light. 
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This hypothesis accourts tolerably well for the mutual evolu- Chap. iv. 
tion of light by heat, and heat by light ; but it is inconsistent 
with a number of well established facts, which have been 
already stated while treating of the radiation of heat For 
nothing is better ascertained thail that heat is emitted in 
straight lines from surfaces. 

In all probability, light and heat, though not absolutely They^eem 
the same, are yet mutually convertible into each other. Upon convertible, 
what the difference between them depends cannot be explained. 

Whether they move with different degrees of velocity, or 
whether it be that the interval between the particles of heat 
when in motion is too great to produce in us the sensation of 
vision ; it may be that to produce this sensation a succession 
of particles following each other within a determinate interval 
of time may be necessary. This difference in the interval 
may perhaps account for the different kinds of rays which 
exist in the solar beam. But upon this difficult subject 
nothing better than conjecture can be offered. 

4. There are several bodies which seem to contain light as Phoaphor- 
a constituent ; since it can be driven off from them by the ap- dies, 
plication of a moderate heat. The quantity of light which 
they thus contain is not very great ; y?t while it is making 
its escape, the bodies appear luminous, as if they were sur- 
rounded by a low lambent flame, varying in colour according 
to that of the body from which the light is issuing. The 
minerals which possess the property of emitting light when 
heated, are called phosphorescent Fluor spar, and phosphate 
of lime, are the two minerals which possess this property in 
the greatest perfection. Almost every variety of fluor spar 
is more or less phosphorescent; but some kinds are much 
more so than others. The same remark applies to phosphate 
of lime ; the kind which is most phosphorescent of all is the 
compact variety from Estremadura in Spain. There are 
some kinds of calcareous spar which likewise phosphoresce ; 
and the tremolite seems to owe its phosphorescing quality to 
the carbonate of lime with which it is usually contaminated. 

* There are some bodies which seem to contain light as -a 
constituent, and which they appear to part with first, when 
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Chnp, iv. they begin to undergo spontaneous decomposition. That 
this is the case, h^s been rendered very evident by a set of 
experiments made long ago by Mr Canton,* and repeated and 
carried a great deal farther by Dr Hulme.f It has been long 
known that different kinds of meat and fish, just when they 
are beginning to putrefy, become luminous in the dark, and of 
courge give out light. This is the case in particular with the 
whiting, the herring, and the mackerel. When four drams of 
either of these are put into a phial containing two ounces of 
sea water, or of pure water holding in solution half a dram of 
common salt, or two drams of sulphate of magnesia, if the 
phial be put into a dark place, a luminous ring appears on the 
surface of the liquid within three days, and the whole liquid, 
when agitated, becomes luiqinous, and continues in that state 
for some time. When these liquids are frozen, the light dis- 
appears, but is again emitted as soon as they are thawed. A 
moderate heat increases the luininousness, but a boiling heat 
extinguishes it altogether. The light is extinguished also by 
water, lime water, water impregnated with carbonic acid gas, 
or sulphuretted hydrogen gas, fermented liquors, spirituous 
liquors, acids, alkalies, and water saturated with a variety of 
salts, as sal-ammoniac, common salt, sulphate of magnesia; 
but the light appears again when these solutions are diluted 
with water. This light produces no sensible effect on the 
thermometer.^ After these experiments, it can scarcely be 
denied that light constitutes a component part of these sub- 
stances, and that it is the first of the constituent parts which 
makes its escape when the substance containing it is beginning 
to be decomposed. 

Most bodies Father Beccaria, and several other philosophers, have 

light. shown us, by their experiments, that there are a great many 
substances which become luminous after being exposed to the 
light.§ This property was discovered by carrying them in- 
stantly from # the light into a dark place, or by darkening the 

* • Phil. Trans, lix. 446. + Ibid. 1800, p. 161. 

t The same experiments succeed with Canton’s pyrophorus, as Dr 
Hulme has. shown. 
jJ Phil. Trans, lxi. 212. 
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chamber in which they are exposed. Most of these sub- Chap. iv. 
stances, indeed, lose their property in a \ery short time, but 
they recover it again on being exposed to the light ; and this 
may be repeated as often a3 we please. We are indebted to 
Mr Canton for some interesting experiments on this sub- 
ject, and for discovering a composition which possesses this 
property in a remarkable degree.* He calcined some com- 
mon oyster shells in a good coal fire for half-an-hour, and 
then pounded and sifted the purest part of them. Three 
parts of this powder w r ere mixed with one part of the flowers 
of sulphur, and rammed into a crucible which was kept red 
hot for an hour. The brightest parts of the mixture were 
then scraped off, and kept for use in a dry phial well stopped.f 
When this composition is exposed for a few seconds to the 
light, it becomes sufficiently luminous to enable a person to 
distinguish the hour on a watch by it. After some time it 
ceases to shine, but recovers this property on being again ex- 
posed to the light. 

The only effect which heat had on this pyrophorus was to 
increase the separation of light from the pyrophorus, and of 
course to shorten the duration of its luminousness. Two 
glass globes hermetically sealed, containing each some of this 
pyrophorus, were exposed to the light and carried into a dark 
room. One of them, on being immersed in a basin of boiling 
water, became much brighter than the other, but in ten 
minutes it ceased to give out light : the other remained visible 
for more than two hours. After having been kept in the 
dark for two days, they were both plunged into a basin of hot 
water ; the pyrophorus which had been in the water formerly 
did not shine, but the other became luminous, and continued 
to give out light for a considerable time. Neither of them 
afterwards shone by the application of hot water ; but when 
brought near to an iron heated so as scarcely to be visible in 

* Phil. Trans, lviii. 327. 

•f* Dr Higgins has added considerable improvements to the method+of 
preparing Canton’s pyrophorus. He stratifies the oyster shells and sul- 
phur in a crucible without pounding them ; and after exposing them to 
the proper heat, they are put into phials furnished with ground stoppers. 
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Chap, v. the dark, they suddenly gave out their remaining light, and 
never shone more biy the same treatment : blit when exposed 
a second time to the light, they exhibited over again precisely 
the same phenomena ; even a lighted candle and electricity 

to them. 

from friction. The way in which 
* the effect is produced in this case is not well understood. It 
seems to be connected with electricity. The evolution of 
sparks when flint and steel are struck against each other, is a 
case of combustion, and does not come under the class of 
bodies that become luminous by friction. 


communicated some light 
friction™”* Many bodies emit lighi 


CHAPTER V. 

OF COMBUSTION. 


This effect of heat differs” from]those already treated of in one 
remarkable and important particular; it is not universal. 
There are many substances which are not susceptible of un- 
dergoing combustion, though subjected to ever so high a tem- 
perature, — and there are some bodies which are capable of 
undergoing combustion without the application of any arti- 
ficial heat whatever. It is, however, a very general effect of 
heat, and hfdeservcs to be treated somewhat in detail, because 
the earliest attempts at generalizing in chemistry were founded 
upon a theory of combustion, and because the different theo- 
ries of combustion have had a most striking effect upon the 
progress and aspect of the science. 

Meaning of By combustion is meant, in common language, a remark- 

ne term. * ° ° , 

able evolution of heat and light, or of fire, when certain bodies 
combine together. This is well exemplified in the burning of 
wood, or pit coal, or oils, or spirits, in the open air. These 
bodies give out an enormous quantity of heat and light during 
‘ theit combustion. The substance with which they combine 
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is the oxygen of the atmosphere. When phosphorus is raised chap, v. 
to the temperature of 148°, it catches fire, and burns with 
great splendour, combining with the oxygen of the atmosphere, 
and giving out a vast quantity of heat and light. Hydrogen 
gas requires a red heat to cause it to begin to burn. It then 
unites rapidly witfi the oxygen of the atmosphere, and gives 
out little light, but a great quantity of heat. 

In all these cases of combustion we only see one of the sub- 
stances which combine. The oxygen of the atmosphere, 
though just as essential an ingredient, is not visible, and its 
agency was long unknown. This is the reason why the wood, 
the pit coal, the oil, the phosphorus, the hydrogen, has re- 
ceived, in common language, the name of combustible . As Combusti- 
both the bodies commonly called combustibles, and the oxygen 
of the atmosphere, are essentially necessary for combustion, — 
as during the combustion they unite together, and as the evo- 
lution of light and heat, which constitutes the most striking 
part of the phenomenon, are the immediate consequence of 
this union, it is evident that in strict propriety of language 
the oxygen is as well entitled to the name of combustible as 
the other body with which it unites. But as common language 
was fixed before the nature of the process of combustion was 
understood, the term combustible came to be applied to one of 
the two substances which unite together, and not to the other; 
to that, namely, which is the most conspicuous. It would be 
in vain for us to attempt to alter the common language, and 
to affirm that the oxygen is just as much a combustible as the 
wood or the pit coal which we burn on our fires. We would 
never be able to prevail upon mankind to adopt our nomen- 
clature. It will be better for us then to apply the term com- 
bustible^ as it is done in common life, and we may .distinguish Supporter, 
the other constituent by the name supporter of combustion. what ' 

Combustion, then, is a union of a combustible with a sup - • 
porter , attended with the evolution of heat and light, or of fire . 

2. No chemical combination of two bodies with each other Combina- 
ever takes place without a change of temperature. Some- HonsT 
* times the temperature sinks, as when sulphate of soda is dis- tempfra- f 
solved in a dilute mineral acid, or when snow and common ture *» 
salt are mixed together. Cold is produced only when solid ■*'. 
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Chap. V. bodies become liquid by uniting together; and the more 
rapidly they liquefy, the greater is the intensity of the cold 
produced* ^ In the greater number of chemical combinations 
heat is evolved, and the more rapidly the combination takes 
place, and the more intimate it is, the greater is the evolution 
increale. an h ea t* Those combinations which are accompanied by the 
evolution of heat, always undergo an ‘increase of density, or 
the particles constituting them approach nearer each other 
than -they were before. An example will make this approach 
of the particles obvious. 

Water is a compound of 

2 volumes hydrogen gas 
1 volume oxygen gas 

united together and condensed into a liquid. 

Sp. gravity of hydrogen gas 00694 
oxygen gas 1»11 1 i 

that of common air being unity. 

k Grains. 

2 cubic inches of hydrogen gas at 32° weigh 0*045512 
1 cubic inch of oxygen gas weighs 0*364330 

0*409842 

Weight of 3 cubic inches of the constituents of 

water before combination 0*409842 

Weight of 3 cubic inches of water 757*28 

Now, the volumes before and after combination are inversely 
as these weights. From this it follows that 1700 cubic inches 
of the constituents of water, when they combine together and 
assume the form of water, occupy little more than 1 cubic inch. 
So that the particles approach very nearly 12 times nearer 
each other than when they were in the gaseous state. This 
•is an enormous condensation. Now, the heat evolved during 
the rapid union of oxygen and hydrogen gases ,is the greatest 
{hat we have it in our power to produce. 

3. It is only when bodies combine with each other rapidly 
that their combination is accompanied by combustion. When 
the combination takes place slowly, the total quantity of heat 
evolved may be the same as in the rapid combination ; but as 


And why. 


Combus- 
tion only 
follows 
rapid com- 
bination. 
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it is evolved slowly, it is dissipated as it appears, and nevefrac- Cha P- v - 
cumulates in sufficient quantity to constitute fire^ which always 
makes its appearance when heat is accumulated in a body to a 
certain amount. This is probably the reason why combustion 
is confined to cases of rapid combination. 

4. In all cases of combustion which occur in common life, 
the supporter of combustion, which combines with the burning 
body, is the oxygen of the atmosphere. . But there are three 
other bodies which possess analogous properties to oxygen. 

They accumulate, like it, round the positive pole of the gal- 
vanic battery. Like it, they combine with almost all the 
simple bodies, and form, with them, compounds of an analo- 
gous nature. These three bodies are chlorine , bromine , and 
iodine ; the first of which is a gas # like oxygen, the second a 
* liquid, and the third a solid. These four bodies, from the 
analogy of their properties, may be conveniently classed toge- 
ther, and they may be distinguished by the name of supporters 
of combustion . Of these chlorine is the best, and iodine the 
worst supporter ; probably owing to the state of their aggrega- 
tion. The similarity of chlorine, bromine, and iodine, to each 
other, is much greater than their analogy with oxygen, which 
they resemble chiefly in their property, »like it, of combining 
with all simple bodies, and of acting occasionally as supporters 
of combustion. 

Sulphur and phosphorus occasionally act the parts of sup- 
porters. When sulphur, in a liquid state, is made to combine 
rapidly with copper or zinc or iron, and perhaps also with some 
other bodies, it becomes solid in the instant of union, and the 
new compound becomes red hot, and exhibits all the pheno- 
mena of a short combustion. When liquid phosphorus is 
brought in contact with hot lime, barytes, or strontian, a rapid 
combination takes place, and all the phenomena of a brilliant 
combustion present themselves. In this last case the oxygen 
previously united with the calcium, barium, and strontium, 
suddenly enters into combination with the phosphorus, anc^ 
may contribute to the combustion ; but probably the greatest 
share of the effect is due to the sudden change of the phos- 
phorus from a liquid to a solid state. 
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'Potassium also* frequently produces the phenomena of com- 
bustion, and may therefore be considered as an occasional sup- 
porter; and doubtless sodium and the metallic bases** of the 
alkaline earths would show similar properties if we had it in 
our power to procure them. • In all these cases, the potassium 
is liquid, and suddenly changes by combining with oxygen or. 
with another metal into a solid body. 

.. ^The combustible bodies consist of all the simple substances, 
with the exception of the four supporters. There exist like- 
wise some striking anomalies among the simple bbdics, in the 
phenomena: of their union with the supporters. But it will 
be better to leave the consideration of these phenomena, till 
we come to treat of those bodies themselves in which they 
occur. . 

5. There is another set of phenomena which have been con- ' 
sidered as connected with combustion; but which I rather 
think should be classed as instances of phosphorescence. 
When the green oxide of chromium is heated nearly to redness!; 
it becomes of itself red hot, and glows for some time like a 
live coal. By this glowing it undergoes no alteration in its 
weight ; but becomes much more difficultly soluble in acids 
than formerly, and its specific gravity is probably increased. 
This glowing does not always take plaGe ; though it is a very 
common property of the oxide. No&oubt the presence or the 
absence of the property depends upfdn the mode of preparing 
the oxide. I consider the|Mttthat escapes in this example 
as having been chemically combined, and adhering so strongly, 
that a pretty high temperature is requisite to drive it off. In 
like manner, when the mineral called gadolinite is exposed to a 
heat very nearly amounting to a red heat, it becomes red hot 
and glows for a little time with considerable brilliancy. This 
also I consider as a case of phosphorescence. 

What shows the agreement of these phenomena with the 
phosphorescence of fluor spar and phosphate of lime is, that 
{though no sensible alteration is made ii^tjie weight or chemi- 
cal constitution of the substances, they cannot be made to glow 
a second time by exposure to heat. The green oxide of chro- 
mium may indeed have its property of glowing restored by 
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heating it with carbonate of potash or soda, which converts it Chap v. 
into chromic acid, digesting the chromate thus formed with “ 

oxalic acid, which reduces the acid to green oxide, and then 
throwing it dowh by ammonia. But fluor spar and phosphate 
of lime recover their phosphorescing quality when decomposed 
and again'united, as was ascertained by Scheele ; so that those 
bodies which phosphoresce, and those which glow, resemble 
each other in every part of the phenomenon. * 

6. To estimate the quantity of heat evolved during the burn- 
ing of different combustibles is not only important in a philo- «d d jJ ri ^? n 
sophical point of view, but of considerable consequence also 
as an object of economy. A set of experiments on this subject 
was made by Lavoisier and Laplace. They burnt various 
bodies in the calorimeter, and estimated the heat evolved by 
the quantity of ice melted in each experiment. Dr Crawford 
made a similar set of experiments. He estimated the heat 
evolved by the increase of temperature which the water ex- 
perienced with which he contrived to surround the burning 
bodies.* A still more numerous set of experiments has been 
made by Mr Dalton, chiefly on the heat evolved during the 
combustion of gaseous bodies. He filled a bladder capable of 
holding 30,000 grains of water with the* gas ; this bladder was 
fitted with a stop-cock and a pipe. A tinned vessel was pro- 
cured capable of holding 30,000 grains of water; the specific 
heat of which being ascertained, and as much water 'added as 
made the specific heat of both equivalent to that of 30,000 
grains of water, the gas was squeezed out of the bladder, 
lighted, and the extremity of the flame made to play upon the 
bottom of the tinned vessel. The quantity of heat evolved was 
estimated by the increase of temperature produced upon tb6 
water in the vesseLf 

A very numerous set of experiments was likewise made by 
Count Rumford .on the heat evolved during the combustion of 
oils, spirits, and various woods; and from the length of time 

ft See his Experiments ,on Animal Heat, pp. 254, 320, 333. 

+ Dalton's New System of Chemical Philosophy, p. 76. When the sub- 
stances burnt were not gaseous, they were converted into a lamp and burnt 
with or without a wick as the case required. 

s 
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Cha P- v * which he devoted to the subject, and the numerous precautions 
to which he had recourse, it is probable that his results are 
near approximations to the truth.* 

These different experiments cannot well be compared toge- 
ther, in consequence of the great difference in the mode of 
conducting them. In Dalton’s experiments a good deal of the 
' heat would of necessity be lost, yet as all the gases were placed 
as nearly as possible in the same circumstances, they ought to 
give us, though not the absolute heat evolved, ye£ the relative 
quantity given out during the combustion of each of the gases 
which he employed. I shall therefore give them in the follow- 
ing table : — 


Experi- 
ments ’of 

SubstanceB burnt 1 lb. 

Oxygen consumed 
m lbs. 

Ice melted 
in lbs. 

Ratios of heat. 

Dalton. 

Hydrogen gas . 

. ‘ 8 


320 

16 


Carburetted hydrogen 

6 


85 

4-25 


Olefiant gas 

4-375 


88 

4-4 


Carbonic oxide . 

0-4375 


25 

1-25 


Olive oil - 

3-033 


104 

5-2 


Wax 

• 3-14 


104 

5*2 


Tallow 

. — 


104 

5-2 


Oil of turpentine 

. • 


60 

3 


Alcohol 

. 3-477 


58 

. 2-9 


Sulphuric ether 

4-296 


62 

y? 


Phosphorus 

1-333 


60 


Charcoal* . 

. 2-666 


40 


Sulphur 

1-5 


20 

• 'j* * ■ • 4 


Camphor . 

3-021 


70 

» 3-5 


Caoutchouc 

5-265 

4 


42 

\ ’ 2-1 


In these experiments, the greatest loss of heat would be 
sustained in the burning of the charctfal, because it does not 
give out flame. Camphor and oil of turpentine would also be 
underrated, because much of their carbon flies off unburnt in 
the form of lamp black. 

Sir Humphry Davy, in his very curious and interesting 
researches on flame, has given us the results of a set of experi- 

* Nicholson’s Jfowmal, xxxii. 105 5 xxxiv. 319, and xxxv. 95.— Gilbert’s 
Annalen, xlv. f> r 306. 
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ments^on the heat produced by the combustion of five different Chap, v. 
gases. The gases were made to issue from the mouth of a 
plafinmn tube, and the jet being inflamed was made to play 
upon the bottom of a copper vessel containing oil, raised previ- 
ously to the temperature of 212°. The bulk of each gas con- 
sumed, and the time of burning, were in each case as nearly 
as possible the same. The following are the results : — * 

6 . , Olefiant gas heated the oil to 270° or 58° 

1 . Hydrogen . . . 238 26 

4 . Coal gas . . . 236 24 

3 . Sulphuretted hydrogen . 232 20 

] . Carbonic oxide . . 218 6 

The numbers in the first column give the relative quantities 
of oxygen consumed during thesccombustions. These results 
cannot well be compared with those in the preceding table. 

It is obvious that much heat would be dissipated during the 
continuance of the experiment, in consequence of the previ- 
ously high temperature of the oil. 

It is not easy to see why the oil was previously heated to- 
212°. It could have no other effect than that of rendering the 
loss of heat greater than it otherwise would be. 

The following table exhibits the result of the experiments Of L&voi- 
” * gjpjt Craw- 

of Lavoisier, Crawford, Dalton, and Rumford : — ford. Dal- 

ton, and 
Hum ford. 


Substances burnt I lb. 

Hydrogen 


Charcoal 


Phosphorus 
Olive oil 


Oxygen consumed 
in lbs. 


Rape oil 


Ice melted 
in lbs. 

295 

480 

320 

96-5 

69 

40 

100 

148 

89 

104 

93-073 

124-097 


Experimenter. 

Lavoisier 

Crawford 

Daltou 

Lavoisier 

Crawford 

Dalton 

Lavoisier 

Lavoisier 

Crawford 

Dalton 

Rumford 

Rumford 


* Phil. Trans. 1817» p. 52. 
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8abttance» burnt 1 lb 

Oxygen consumed 
in lbs. 

Ice melted 
in lbs. 

Experimenter. 

Wax 

3*14 

133 

Lavoisier 

« 


97 

Crawford 



104 

Dalton 



126-242 . 

Rutt&d 

Tallow 

— 

104 

Dalt^Sj 



111-582 . 

Rum$M 

Alcohol 

3-477 

67-47 . 

R'umftrd 

Sulphuric ether 

4-296 

107-027 . 

Rumford 

Naphtha 

— 

97-834 . 

Rumford 


The result of Count Rumford’s experiments on the Com- 
bustion of woods will be seen in the following table : — 


Species of 
wood. 


Quality. 


Iceinlba melted 
by the heat deve- 
loped during the 
burning of a lb. 
of the combusti- 
ble. 


Lime . 


Joiner's dry wood, 4 yerfrs old . 

. 

46*146 

Ditto . 


Ditto 

• 

46-4Qfr 

Ditto . 


Ditto, highly dried over a chafing dish . 



Ditto • 


Ditto 


544|0 

Ditto . 


Ditto, rather less dried 

• 

Bt'fn 

Beech . 


Joiner’s dry wood, four or five years old 


46^089 

Ditto . 


Ditto 

• 

46*002 

Ditto . 


Ditto, highly dried over a chafing dish 


46-445 

Ditto . 


Ditto 


48*245 

Elm 


Joiner’s wood, rather moist 


36196 

Ditto . 


Joiner’s dry wood, four or five years old 


40*478 

Ditto . 


Ditto 


40*068 

Ditto • 


Ditto, highly dried over a chafing dish 


46*020 

Ditto . 


Ditto ......... 


44*868 

Ditto . 


Ditto, dried and scorched in the stove • 


41 200 

Oak . 


Common fire wood in moderate shavings 


34*120 

Ditto . 


Ditto, in thicker ^havings, leaving a residuum of charcoal 

32 997 

Ditto . 


Ditto, in thin shavings 


35*062 

Ditto . 


Ditto, in thin shavings, well dried in the air 


38*946 

Ditto • 


Joiner's wood, very dry, in thin shavings . 


89 840 

Ditto . 


Ditto 


89*728 

Ditto . 


Thick shavings, leaving 0*92 grains of charcoal . 


’ 84*969 

Ash . 


Joiner’s common dry wood 


40*888 

Ditto . 


Same kind, shavings dried in the air 


44*960 

Ditto . 


Ditto, highly dried over a chafing dish 


47*265 

Maple . 


Seasoned wood, highly dried over a chafing dish . 


48*156 

Service. 


Ditto, ditto 


48*173 

Ditto . 


Same kind, scorched in a stove .... 


43*116 

Cherry . 


Joiner’s dry wood .... 


44-452 

Ditto • 


Same kind, highly dried over a chafing dish 


49*205 

Ditto . 


Same kind, scorched In a stove .... 


46*850 

Fir 


Joiner's common dry wood ... 


40*429 
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Species of 
wood. 

Quality.' 


loeinlta. melted 
by the heatdere- 

loped during the 
burning of » lb. 
of the eomboeti* 
ble. 

Fir . . 

Shavings well dried in air . 

• . 

45-ass 

Ditto . . 

Highly dried over a chafing dish . 

. 

49*838 

Ditto . . 

Dried and scorched in a stove 

. 

44*477 

Ditto . . 

Thick shavings, leaving much charcoal 


88*260 

Poplar • . 

Joiner’s common dry wood . . • 

• 

46*134 

Ditto . . 

Same kind, highly dried over a chafing dish 

49*548 

Hornbeam 

Joiner’s dry wood .... 

. . 

48-460 

Ditto . • 

Ditto . . . . . • . 

. . 

48*145 

Oak • . 

With 19‘6 per cent, of water imperfectly' 1 ] 

0*81 gramme 35*828 


burnt, leaving in the combustion a 1 

^.0*73 

34*181 


charcoal residuum amounting to I 

0*94 

34*556 
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It is not very easy to draw any conclusion from these ex- Condu- 
periments. The enormous differences between the results WOD8 * 
obtained by Lavoisier, Crawforji, and Dalton, when they 
operated upon the same substance, destroys all reliance upon 
the accuracy of the experiments. The most important of all 
the substances tried was hydrogen and charcoal, because they 
constitute almost the only combustible constituents of the sub- 
stances commonly employed for the purpose of fuel. 

Now, from Mr Dalton’s mode of experimenting, it is clear 
that his result must have been below the truth. It is evident 
therefore that Lavoisier’s statement of* the quantity of heat 
evolved during the combustion of hydrogen is greatly below 
the truth. There are two inaccuracies in the calculations em- 
ployed by Dr Crawford. He overrated the specific gravity 
of hydrogen gas, and likewise its specific heat. These occa- 
sioned an error in his estimate in excess. I think it probable, 
that we will not be far from the truth if we say, that 1 lb. of 
hydrogen gas, while burning, gives out as much heat as would 
melt 4Q0 lbs. of ice, which is equivalent to 56,000 degrees; 
or it would raise the temperature of 1 lb. of water 56,000 
degrees. 

All the experimenters would be likely to underrate the heat 
evolved during the combustion of charcoal. I think therefore 
that we may estimate the heat evolved during the combustiog 
of 1 lb. of charcoal, as sufficient to melt 100 lbs. of ice. This 
is equivalent to 14,000 degrees of heat, or it would raise the 
temperature of 1 lb. of water 14,000 degrees. 
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Chnp. v. But the quantity of oxygen consumed during the combus- 
tion of a lb. qf hydrogen and a lb. of charcoal is very different. 
The hydrogen requires 8 times its weight of oxygen, while 
the charcoal requires only 2*66 times its weight of that prin- 
ciple : hence it is obvious, provided our estimates be tdierablc 
approximations to the truth, that the heat evolved during the 
union of 1 lb. of oxygen with hydrogen, would melt 50 lbs. of 
ice, while the heat evolved during the union of 1 lb. of oxy- 
gen with carbon would melt only 37*6 lbs. of ice. Thus it 
appears that the heat evolved during the burning of hydrogen 
and charcoal, is not equal whether we compare the action 
during the union of equal weights of oxygen, or of the com- 
bustibles themselves. 

The results would approach somewhat nearer equality, 
were to compare the atomic weights of each, which seem^o 
be the most reasonable way of considering the subject. TJbe 
atom of carbon is 6 times as heavy as that of h)drogen. ^ut 
during its combustion it combines with two atoms of oxyg^ 
while hydrogen unites only with one atom. To compare *&e 
effect of the union of the same number of atoms of oxygen 
with hydrogen and carbon, we should multiply the heat from 
the combustion of the same weight pf carbon as hydrogen, by 
3. It is obvious that when the same number of atoms of 
oxygen unite with hydrogen and with carbon, the heats evolved 
in both cases are to each other, as 4 to 3* If the heat be 
reckoned 4 when the hydrogen combined with oxygen, it will 
be only 3 when the carbon unites with oxygen. If Lavoisier’s 
experiments on the combustion of phosphorus be correct, the 
heat which it gives out is double that given out by carbon. 
Cheats ®° t ^ at w ^ en 8aine number of atoms of hydrogen, carbon, 
evolved, and phosphorus, .unite each with one atom of oxygen, the 

heats given out are as follows : — 

Phosphorus . & U • . 6 

Hydrogen ... 4 

Carbon .... 3 

An accurate set of experiments on this subject, could not 
fail to give us many interesting and highly useful results. 
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Indeed .a set of experiments has been lately made by M. Chap. v. 
Despretz. But he has merely published the results, without — 
entering into any details. It is therefore impossible to know 
how far his results can be depended on. According to him, 
when one gramme of oxygen combines by combustion with the 
following bodies, •the heat evolved is 

For Hydrogen . . 2578 ° centigrade 

Carbon . . . 2967 

Iron . . • 5325 

Phosphorus, zinc, and tin, disengage nearly the same quan- 
tity of heat that iron does.* 

7. Every substance seems to have a temperature of its own, 
at which it is capable of burning ; and it never burns till it is 
raised to the requisite temperature. The following is the Order in 
order of combustibility of different bodies, according to the dies begin 
observations of Davy, beginning with the body which burns at to burn * 
the lowest temperature : — t 

Phosphorus 

Phosphurettcd hydrogen gas 
Hydrogen and chlorine 
Sulphur 

Hydrogen and oxygen 
Olefiant gas 
Sulphuretted hydrogen 
Alcohol 
Wax 

Carbonic oxide 
Carburetted hydrogen. 

Thus it appears that carburetted hydrogen is the gas which 
requires the highest temperature, and phosphuretted hydrogen 
, the lowest temperature to maintain its combustion. 

* Ann. de Chiin. et de Phys. xxxvii. 180. The ratios of the heat 
given out when one atom of these bodies unites with one atom of oxygen 
are as follows : — 

Hydrogen .... 5 

Carbon .... 5*75 

/ Iron .... 10*25 

t Phil. Trans. 1817, p. 48. 
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Effect of 
gases iiig 
preventing 
explosion. 


When these bodies are burnt in rarefied air, the beat 
evolved is less, because a smaller quantity burns at once. 
And whenever the temperature produced is* not sufficient to 
maintain the combustion, the flame is extinguished,* Hence, 
phosphorus will burn in air rarefied 60 times, while carburetted 
hydrogen will not burn in air rarefied four tJfeies. 

When gases are rarefied by heat, their combustibility, as 
appears from Davy’s experiments, is increased instead of being 
diminished as Grotthus supposed. * 

When a mixture of two volumes hydrogen gas and one 
volume oxygen gas is diluted with determinate quantities of 
other gases, it loses its property of exploding when an electric 
spark is passed through it. The following table exhibits the 
volumes of the different gases which destroyed the explosive 
property of one volume of such a mixture, according to the 
experiments of Davyt and Henry4 


Hytlrogen . 

* Azote 
Oxygen 

Protoxide of azote 

* Cyanogen 
Carburetted hydrogen 

* Carbonic oxide 

* Sulphuretted hydrogen 
Olefiant gas 
Muriatic acid gas 
Fluosilicic acid gas 

* Ammonia 

* Carbonic acid , 


Volumes. 
8 
6 
9 
11 
1-5 < 
1 
4 
2 

0-5 

2 

0-83 

2 

3 


- Inflammation took place when the volumes of these gases 
present were as follows : — 

Volumes.' 

Hydrogen 6 

Oxygen 7 


* Davy, Phil. Trans. 1817, p. 48. t Ibid. p. 59. 

t Ibid. 1624, p. 282. Those marked thus (*) by Henry, the others by 
Davy. 
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Volumes. Chap. V. 


Protoxide of azote 

. 10 

Carburetted hydrogen 

0-75 

Sulphuretted hydrogen 

1-5 

Olefiant gas 

0£3 

Muriatic aci<i gas 

1*5 

Fluosilicic acid gas 

0-75 


Davy is of opinion that the reason why such mixtures pre- 
vent the inflammation of the hydrogen, is, that they serve to 
carry off the heat, or to prevent it from reaching the requisite 
point. 

8. Flame is the rapid combustion of volatilized matter. The Nature of 
tallow or the wax is melted and drawn up to the top of the ame ‘ 
wick of a candle. Here it is boiled and converted into vapour, 
which ascends in the form of a coiumn. This vapour is raised 

to such a temperature, that it combines rapidly with the 
oxygen of the surrounding atmosphere, and the heat evolved 
ia such as to heat the vapour to whiteness. Flame then is 
)QG$erelyt volatile combustible matter heated white hot. The 
combustion can only take place in that part of the column of 
hpt irapour that is in contact with the atmosphere, namely, the 
^erio^sdftTace. The flame of a candle then is merely a thia 
mm of white hot vapour, enclosing witliin a quantity of hot 
vapour which, for want of oxygen, is incapable of burning. But 
as it advances upward in consequence of the outer film being 
already consumed, it gradually constitutes the outer surface of 
"the column, and assumes the form of flame. And as the supply 
of hot vapour diminishes as it ascends, and at last fails alto- 
gether, the flame of a candle gradually tapers to a point. 

That this is the nature of flame has been beautifully shown 
by my late friend Mr Oswald Sym, in a paper which has been 
greatly admired, but which has not perhaps attracted all the 
attention which it deserves.* Mr Davies, in a very interest- 
ing paper, has fully confirmed the accuracy of Mr Sym’s 
observatiors.t 

9. There are several vapours which burn at a lower* tern** 

* Annals of Philosophy, (1st series,) viii. 321. 

t Ibid, (2d series,) x. 447. 
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Platinum 
coil main- 
tains the 
combustion 
of alcohol 
vapour. 
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perature than that which produces flame.. During the com- 
bustion heat is evolved ; but the ultimate products are quite 
different from those formed, when the same vapours burn with 
flame. Sir H. Davy discovered that if a coil of platinum wire 
of rather a%mall size, be placed round the wick of a spirit 
of wine lamp, while the alcohol is burning^ and allowed to re- 
main till it gets red hot, we may blow out the flame without 
putting an end to the combustion. The wire continues red 
hot, the vapour continues to rise and undergoes a slow com- 
bustion round it, during which it gives out as much heat as 
keeps the wire always at a red heat. This combustion without 
flame goes on as long as any spirit remains to evaporate, and 
it may be kept up for weeks without intermission. The 
alcohol is converted into acetic acid, and a substance havjpg 
a peculiar smell. No doubt*water is also formed. The afS&ic 
constituents of alcohol are, 


3 atoms hydrogen 
2 atoms carbon 
1 atom oxygen. 


While the atomic constituents of acetic acidtare 


3 atoms hydrogen 

4 atoms carbon 


3 atoms oxygen. ; ; 

Were we to suppose two atoms of alcohol during this slow 
combustion to unite with 4 .atoms of oxygen ; they might be 
converted into 1 atom acetifc acid and 3 atoms water. For two 
atoms alcohol contain, f 

7 i 

Hydrogen. Carbon. Oxygen. 

6 atoms + 4 atoms + 2 atoms 
Adding of oxygen . ... 4 


Total 6 

+ 4 

+ 6 

1 atom acetic acid contains 3 

+ 4 

+ 3 

3 atoms water contain 3 

• 

+ 0 

+ 3 

6 

+ 4 

+ 6 


But. it is obvious from the peculiar smell of the acetic acid 
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formed, that the substances' generated are more numerous than Chap. v. 
acetic acid and water. 

The vapour of “ether, camphor, and several of the volatile 
oils, may be made to undergo this combustion without flame 
as well as alcohol, and the phenomena are nearly the same. 

Palladium wire has been substituted for platinum ; but 
when wires of other metals are employed the process does not- 
succeed. 

If ^ coil of small platinum wire, previously heated to redness, 
be let down into a glass containing a mixture of coal gas and 
air, or vapour of ether and air, it will continue red hot till the 
whole gas or vapour be consumed. 

This curious process seems to depend uj$)n two properties Causes of 
which platinum possesses. Its specific heat is very small, and 
it is one of the worst conductors *of heat of all the metals : 
hence a comparatively small quantity of heat is sufficient to 
make it red hot, and being a bad conductor, the waste of heat 
is small compared to what it would be if silver or gold (which 
are very good conductors) were employed. Red hot platinum 
is sufficiently hot to cause the rapid union of alcohol vapour 
with oxygen, but not sufficiently so to cause it to burn with 
flame. 

, 10. In the year 1822, M. Dobereiner, professor at Jena, 
announced that if spongy platinum, obtained by exposing am- j^comesrcd 
monia-muriate of platinum to a low red heat, be heated and in contact 
put into the vapour of alcohol, it becomes red hot and remains hoi vapour, 
so as long as any of the vapour is unconsumed.* He found 
that powdered black oxide of manganese, oxide of nickel, 
oxide of cobalt, oxide of uranium, oxide of tin, &c. when in 
the loo^e and porous state in which they are procured by de- 
composing the oxalates of the respective metals by heat in the 
open air, may be substituted for spongy platinum. So that 
the phenomenon is much more general than was at first Or by a jet 
supposed. In the year 1823, Dobereiner discovered that if a£ji!l ydro " 
jet of hydrogen gas be made to strike against a small collection 
of this spongy platinum, at the distance of an inch or two from 


* Sch weigher’s Jahrbuch, iv. 91. 
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dap. v. the mouth of the jet, the platinum becomes red hot, and con- 
~~ ~~ tinues so as long a9 the hydrogen jet plays upon it. Or if a 

mixture of oxygen and hydrogen gases be put into a glass jar, 
and a little spongy platinum be let up into it ; the platinum 
speedily becomes red hot and causes the mixture of gases to 
explode.* This curious experiment was almost immediately 
repeated and verified in every part of Europe. 

Mr Garden found that the black matter which remains be- 
hind, when native platina is dissolved in aqua regia, and which 
contains a good deal of osmium and iridium, may be substituted* 
for the spongy platinum.f It is only necessary to heat it to 
redness and allow it to cool before using it. Thenard and 
Dulong found th §t palladium, rhodium, and iridium, mighfchfe 
substituted for the spongy platinum. Osmium requireiwfob 
heated to 104° or 122°. •Nickel in a spongy state aciPalsoj 
but very slowly 4 Platinum foil in its natural state would not' 
do, but when crumpled like paper it became red hot like 
spongy platinum.§ 

When the temperature is elevated, but not so high as that 
of boiling mercury, all the metals have a greater or smaller 
effect when treated with a jet of hydrogen gas. Gold in plates 
requires to be heated to 496°, when in foil to 406®. but when 
in powder it causes the combination of oxygen mm jhydrogen 
gas, if it be heated to 248°. 

ddi°ca. thcr Even pharcoal, pumice, porcelain, glass, and rock crystal, 
determine the combination of oxygen and hydrogen gases, at 
a temperature below 662°.J| When the fragments of glass 
employed were angular they produced twice the effect of the 
same quantity of glass, consisting of rounded fragments. 

Thenard and Dulong found that platinum, in all Mates, and 
likewise all the other bodies, gradually lose this jffperty of 
becoming incandescent, by exposure to the air. Bui the pro- 
perty may be restored again at pleasure, simply by heating 

•* Schweigger’s Jahrbuch, viii. 321. 
f Annals of Philosophy, (2d series) vi. 466. 
t Ann. de Chira. et de Phys. xxiv. 380. 

$ Ibid, xxiii. 440. || Ibid. xxiv. 381. 
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' the bodies red hot, and allowing them to cool ; or by plunging 
them into nitric acid, either cold or hot, allowing them to re- 
main for some time in it, then drying them in a heat of about 
390°. The acid may now be washed off with water, or even 
with an alkaline ley, without depriving the spongy mass of its 
property. Concentrated sulphuric acid, or muriatic acid, may 
be substituted for nitric acid, but they do not answer so well.* 
The theory of this curious process seems connected with 
the capillary attraction for oxygen gas of the small pores in 
the spongy platinifi^ It has been proved by the experiments 
of Count Morozzo,%d M. de Saussure, junior, that the pores 
of charcoal, and other porous bodies, have the property of 
absorbing certain gaseous substances so copiously, that they 
exist within the pores in Condensed state. Thus charcoal 
absorbs 9$ times its own bulk of oxygen gas. We may admit 
that the oxygen of the atmosphere is condensed to this amount 
in springy platinum. Count Morozzo found that when char- 
coal thus impregnated with oxygen gas is placed in contact 
with hydrogen gas, the two gases combine, and water is form- 
ed. We may admit that when the hydrogen gas strikes the 
surface of the spongy platinum, combination takes place, and 
some water is formed. This occasions 4he evolution of heat, 
which elevates the temperature of the spongy platinum in con- 
sequence of its small capacity for heat, and its imperfect con- 
ducting power. This elevation occasions the formatioifcof water 
in that part of the jet which strikes the platinum, as it consists 
of a mixture oflihydrogen and common air. Thus, more heat 
is evolved, the platinum becomes red hot, and the combustion 
goes on precisely, as when the red hot platinum coil is left in 
contact with the vapour of alcohol. Wl|pn the spongy platinum 
loses its property of becoming red hot, the reason probably is 
that it has lost the property of condensing oxygen gas in its 
pores. The ignition, or the action of nitric acid, would seem 
to restore this property. * 

11. Dobereiner found that when a little spongy platinum 
was made up into a ball with pipe-clay of about the size of a 

• Ann. de Chim. et de Phys. xxiv. 388. 
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Theory of 
this. 


Platinum* 
with clay 
occasions 
the combi- 
nation of 
oxygen and 
hydrogen. 
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Cfap- v - pea, and baked in an incipient red heat, to make the whole 
adhere together, these balls possessed a similar action upon a 
mixture of oxygen and hydrogen gases, as the spongy platinum 
itself. When let up into a jar containing a mixture of oxygen 
and hydrogen gases in the requisite proportions, the two gases 
combine with great rapidity, and in a few. minutes, and are 
converted into water. A highly valuable and instructive set 
of experiments on the use of these platinum balls in the analysis 
of combustible gases, has been made by Dr Henry.* 

He confirmed the results obtained by Dobereiner, by letting 
up a platinum ball (previously heated to redness by the blow- 
pipe, and just allowed to cool) into an explosive mixture of 2 
volumes of hydrogen gas and one volume of oxygen. 

Its action When carbonic oxide eras is mixed with this explosive mix- 
oxide. ture, and a platinum ball let up, the carbonic oxide is first 
acted on, and converted into carbonic acid. If the quantity 
of oxygen be sufficient, the hydrogen also is converted into 
water, and an explosion almost always takes place. 

On olefiant When olefiant gas is mixed with the explosive mixture, 
and in equal volumes with it, and a platinum ball is let up, 
the explosive mixture is rapidly converted into water, while 
not above y^th or £tb of the olefiant a s as . is consumed. The 
action on the olefiant gas is greater whfiPche explosive mixture 
exceeds the volume of the olefiant gas. Thus, when 
volumes^f the explosive mixture is -mixed with L volume of 
olefiant gas, about £th of the olefiant gas is consumed. When 
the oxygen gas present is sufficient to saturate^oth the hydro- 
gen and olefiant gas, then in general the action is much more 
rapid, and both gases are consumed. 

Mttedhy 1 ’ Wh en carburetted |ydrogen gas is added to the explore 
drogen. mixture, and a platinum ball is let up, the hydrogen and 
oxygen combine rapidly into water, but the carburetted hydro-’ 
gen is not acted on at all, unless the quantity of oxygen gpta 
present be very considerable, and even then the action is very 
imperfect* 

When we make a mixture of carbonic oxide, carburetted 
* • 

* Phil. Trans. 1824, p. 266. 
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hydrogen, and oxygen gases, and let up a platinum ball, the Chap, v. 
carbonic oxide is converted into carbonic acid, but the car- 
bureted hydrogen remains unacted on. 

Wj$en the mixture consists of 

Hydrogen 
Carbonic oxide 
Carburetted hydrogen 
Oxygen, 

the two first gases combine with oxygen, and undergo com- 
bustion, but the carburetted hydrogen remains unaltered. If 
olefiant gas be present, it is also partly consumed. 

When these four inflammable gases are mixed together ^aiyz?ng f 
with oxygen, and exposed to the action of the platinum ball, J£ ixtur *® ( £ f 
the carbonic oxide is first converted into carbonic acid, then 686 ga9C8 ’ 
the hydrogen is converted into water. The olefiant gas is 
next acted on, but only imperfectly, and the carburetted 
hydrogen is not acted on at all. 

This order obviously depends upon the temperature neces- 
sary to occasion the combustion of each of these gases. Davy 
ascertained that hydrogen gas and oxygen combine silently, 
and form water at a temperature betwoen 662° and 800° — 
that carbonic oxide is as easily consumed as hydrogen — that 
olefiant gas requires a red heat — and carburetted hydrogen a 
white heat, to cause them to burn. 

Dr Henry ascertained that when a platinum ball is let up 
into a mixture of carbonic oxide gas and oxygen, the two 
gases begin to unite slowly when heated to the temperature 
of 300°, and they unite rapidly at 340°. 

Olefiant gas and oxygen begin to combine at 480°, and are 
slowly, but completely, consumed at 520°. But a mixture of 
carburetted hydrogen and oxygen is not in the least acted on 
when heated to 555°. Nor is a mixture of cyanogen and 
oxygen acted on though heated to the same temperature* 

A mixture of muriatic acid and oxygen gas, begins to be 
acted on by the platinum ball, and water to be formed, when* 
the temperature is raised to 250°, and a mixture of ammonia 
and oxygen at the temperature of 380°. 
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.The following table shows the effect of various gases, in 
preventing the action of the platinum ball on an explosive 
mixture of oxygen and hydrogen gases, constituting 1 volume 
according to the experiments of Dr Henry : — 


Not prevented by many volumes of Hydrogen 


- by 10 volumes of 


Prevented by 1 volume of 
Not prevented by 10 volumes of 
Prevented by volume of 
Prevented by 1*5 volume of 
Not prevented by 6 volumes of 
■ 10 volumes of 


Azote 
Oxygen 

Protoxide of Azote 
Cyanogen 

Carburetted hydrogen 
Carbomc f ^*ide 
Olefiant gas 
Muriatic acid 
^kmonia 
Carbonic acid. 


Dr Henry has ingeniously applied these facts to the analysis 
of mixtures of 

Olefiant gas 
Hydrogen 
Carbonic oxide 
Carburetted hydrogen. 


First ex- 
planation of 
combus- 
tion. 


The olefiant gas is removed by chlorine, and its volume 
determined. Then oxygen gas is mixed with the mixture of 
the thr^ remaining gases, and a platinum ball let up. The 
carbonic oxide is converted into carbonic acid, and the hydro- 
gen into water. .Caustic potash, by absorbing the carbonic 
acid, determines the volume of carbonic oxide. Two-thirds 
of the diminution of volume (subtracting the carbonic oxide) 
is the volume of hydrogen. Nothing remains but the carbu- 
retted hydrogen, which, being mixed with oxygen gas in the 
requisite proportion, is fired by electricity, and its quantity 
determined in the usual way. 

12. The first attempt to explain combustion was crude and 
unsatisfactory. A certain elementary body, called jflre, wad 
supposed to exist, possessed of the property of devouring cer- 
tain other bodies, and converting them into itselfT When we 
set fire to a grate full of charcoal, we bring, according to this 
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hypothesis, a small portion of the element? of fire* which Chap. v. 
immediately begins to devour the charcoal, and t9 convert it 
into fire. Whatever part of the charcoal is not fit for being 
the food of fire is left behind in the form of ashes. 

A much more ingenious and satisfactory hypothesis was HvaothesU 
proposed in 1665 by Dr Hooke. According to this extra- ° f °° ke# 
ordinary man, there exists in common air a certain substance 
which is like, if not the very same with, that which is fixed in 
saltpetre. This substance has the property of dissolving all 
combustibles ; but only when their temperature is considerably 
raised. The solution takes place with such rapidity, that it 
occasions both beCRand light ; which in his opinion are mere 
motions. The dissolved substance is partly in the state of 
air, partly coagulated in a liquid or solid form. The quantity 
of this solvent present in a given bulk of air is incomparably 
less than in the same bulk of saltpetre : hence the reason that 
a combustible continues burning but for a short time in a 
given bulk of air ; the solvent is soon saturated, and then of 
course the combustion is at an end. Hence also the reason 
that combustion succeeds best when there is a constant supply 
of fresh air, and that it may be greatly accelerated by forcing 
in air with bellows.* 

About ten years after the publication of Hooke’s Micro- 
gr aphia, his theory was adopted by Majow, without acknowi MftJW# 
ledgment, in a tract which he published at Oxford** on salt- 
petre.f We are indebted to him for a number of Very ingenious 
and important experiments, in which he anticipated several 
modern chemical philosophers ; but his reasoning is for the 
most part absurd, and the additions which he made to the 
theory of Hooke are exceedingly extravagant. To the sol- 
vent of Hooke he gives the name of spiritus nitro-aereus. It 
consists, he supposes, of very minute particles, which are con- 
stantly at variance with the particles of combustibles, and 
from their quarrels all the changes of things proceed. Fire 
consists in the rapid motion of thesp particles, heat in their^ 
less rapid motion. The sun is merely nitro-aerial particles 

* Hooke's Micrographia, p. 103. See also his Lampas. 
t Do Sal-nitro et Spiritu Nitro-aereo. 

T 
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V’ moving witj^ great rapidity. They fill all space. Their 
motion becomes more languid according to their distance from 
the sun ; and when they approach near the earth, they become 
pointed, and constitute cold.* * 

^etSher 8 The attention of chemical philosophers was soon drawn 
i Stahl, away from the theory of Hooke and Mayow to one of a very 
different kind, first proposed by Beecher, but new-modelled 
by his disciple Stahl with so much skill, arranged in such an 
elegant systematic form, and furnished with such numerous, 
appropriate,* and convincing illustrations, that it almost in- 
stantly caught the fane), raised Stahl to the highest rank 
among philosophers, and constituted him the founder of the 
Stahlian theory of combustion. 

According to Stahl, all combustible substances contain in 
hlogiston. them a certain body, known by the name of Phlogiston, to 
which they owe their combustibility. This substance is pre- 
cisely the same in all combustibles. These bodies of course 
owe their diversity to other ingredients which they contain, 
and with which the phlogiston is combined. Combustion, andj 
all its atffendant phenomena, depend upon* the separation and| 
dissipation of this principle : and when it is once separated, 
the remainder of the body is incombustible. Phlogiston, 
according to Stahl, is peculiarly disposed to be affected by a 
violent whirling motion. The heat and the light, which make 
their appearance during combustion, are merely two properties 
of phlogiston when in this state of violent agitation. 

The celebrated # Macquer was one of the first persons who 
perceived a striking defect in this theory of Stahl. Sir Isaac 
Newton had proved that light is a body ; it was absurd, there- 

* Though Mayow’s theory was not original, and though his additions 
to it be absurd, his tract itself displays great genius, and contains a vast 
number of new views, which have been fully confirmed by the recent dis- 
coveries in chemistry. He pointed out the cause of the increase of weight 
in metals when calcined ; he ascertained the changes produced upon air 
by respiration and combustion ; and employed in his researches an appara- 
tus similar to the present pneumatic apparatus of chemists. Perhaps the 
most curious part of the whole treatise is his fourteenth chapter, in which 
he displays a much more accurate knowledge of affinities, than any of his 
contemporaries, or even successors for many years. 
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fore, to make it a mere property of phlogiston or the element c h *P- 
of fire. Macquer accordingly considered phlogistoli as nothing 
else but light fixed in bodies. This opinion was embraced 
by a great number of the most distinguished chemists ; and 
many ingenious arguments were brought forward to prove its 
truth. But if phlogiston be only light fixed in bodies, whence 
comes the heat that manifests itself dtftng combustion? Is 
this heat merely a property of light ? Dr Black proved that 
heat is capable of combining with, or becoming fixed in bodies 
which are not combustible, as in ice or water ; and concluded 
of course, that it is not a property but a body. This obliged 
philosophers to take another view of the nature of phlogiston. 

According to them, there exists a peculiar matter, extremely £°a aubtu© 
subtile, capable of penetrating tLe densest bodies, astonish- 
ingly elastic, and the cause of heat, light, magnetism, electri- gravity, 
city, and even of gravitation. This matter, the ether of 
Hooke and Newton, is also the substance called phlogiston, 
which exists in a fixed state in combustible bodies.- When set 
at liberty, it gives to the substances called caloric and light 
those peculiar motions which produce in us the sensations of 
heat and light : hence the appearance of caloric and light in 
every case of combustion ; hence, too, the reason that a body 
after combustion is heavier than it was before; for as phlo- 
giston is itself the cause of gravitation, it would be absurd to 
suppose that it possesses gravitation. It is more reasonable 
to consider it as endowed with a principle of levity. 

Some time after this last modification of the phlogistic 
theory, Dr Priestley, who was rapidly extending the boundaries 
of pneumatic chemistry, repeated many experiments formerly 
made on combustion by Hooke, Mayow, Boyle, and Hales, 
besides adding many of his own. He soon found, as they had 
done before him, that the air in which combustibles had been 
suffered to burn till they were extinguished, had undergone a 
very remarkable change $ for no combustible would afterwards 
burn it, and no animal could breathe it without suffocation^ 

He concluded that this change was owing to phlogistons that 
the air had combined with that substance; and tha^ air is 
necessary to combustion, by attracting the phlogiston, for 
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which it has a strong affinity. If so, the origin of the heat 
and light which appear during combustion remains to be 
accounted for ; since phlogiston, if it separates from the com- 
bustible merely by combining with air, cannot surely act upon 
those bodies in whatsoever gtate we may suppose them. 

The celebrated Dr Crawford was the first person who 
attempted to solve thil difficulty, by applying to the theory of 
combustion Dr Black’s doctrine of latent heat. According 
to him, the phlogiston of the combustible combines during „ 
combustion with the air, and at the same time separates the 
heat and light with which that fluid had been previously united. 
The heat and the light, then, which appear during combus- 
tion, exist previously in the aii^ This theory was very dif- 
ferent from Stahl’s, and certainly a great deal more satisfac 
tory. But still the question, What is phlogiston ? remained 
to be answered. 

Mr Kirwan, who had already raised himself to a high rank 
among chemical philosophers, by many ingenious investiga- 
tions of some of the most difficult parts of the science, 
attempted to answer this question, and to prove that phlo- 
giston is the same with hydrogen. Thib opinion, which Mr 
Kirwan informs us wr*s first suggested by tlie discoveries Of 
Dr Priestley, met with a very favourable reception frogfc'the 
chemical w orld, and was adopted either in its full ext Jre, or 
with certain modifications, by Bergman, Morveau, *L!rell, 
Wiegleb, Westrumb, Ilermbstadt, Karsten, Bewley, Priestley, 
and Delametherie. The object of Mr Kirwan was to prove, 
that hydrogen exists a *. a component part of every combusti- 
ble body ; that during combustion it separates from the com- 
bustible body, and combines with the oxygen of the air. 
This he attempted in a treatise published on purpose, intitled, 
An Essay on Phlogiston and jhe Constitution of Acids.* 

* I have omitted, in the historical view given in the text, the hypo* 
thesis published in 1777 by Mr Scheele, one of the most extraordinary 
men that ever existed. When very young, he was bound apprentice to 
in apothecary at Gottenburgh, where he first felt the impulse of that 
genius which afterwards made him so conspicuous. He durst not indeed 
devote himself openly to chemical experiments ; but he contrived to make 
himself master of that science by devoting those hours to study which were 
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During these different modifications of the Stahlian theory, Chap* v. 
the illustrious Lavoisier was assiduously occupied in studying 
the phenomena of combustion. He seems to have attached Combua- 
h im self to this subject, and to have seen the defects of the flamed by 
prevailing theory as early as 1770. The first precise notions, v0 ** 
however, of what might be the real nature of combustion, 
were suggested to him by Bayen’s paper*on the oxides of mer- 
cury, which he heard read before the Academy of Sciences in 
1774. These first notions, or rather conjectures, he pursued 
with unwearied industry, assisted by the # numerous discoveries 
which were pouring in from all quarters ; and by a long series 
of the most laborious and accurate experiments and disquisi- 
tions ever exhibited in chemistry, he fully established the 

assigned him for sleep. He afterwards went to Sweden, and settled as 
an apothecaiy at Koping. Here Bergman first found him, saw his merit, 
and encouraged it, adopted his opinions, defended him with zeal, and took 
upon himself the charge of publishing his treatises Encouraged and 
excited by this magnanimous conduct, the genius of Scheele, though 
unassisted by education or wealth, burst forth with astonishing lustre; 
and at an age when most philosophers arc only rising into notice, he had 
finished a career of discoveries w hich have no parallel m the annals of 
chemistry. Whoever wishes to b< hold ingenuity combined with simpli- 
city, whoever wishes to sec the inexhaustible resources of chemical 
analysis ; whoever wishes for a model m chemical researches— has only to 
peruse and to study the works of Scheele. 

In 1777, Scheele published a treatise, entitled Chemical Experiments 
on Air and Fire , w Inch pei haps exhibits a more striking display of the 
extent of his genius than all Ins other publications put together. After a 
vast number of experiment'', conducted with astonishing ingenuity, he 
concluded, that caloric is composed of a certain quantity of oxygen com- 
bined with phlogiston ; that radiant heat, a substance which he supposed 
capable of being propagated in straight lines like light, and not capable of 
combining with air, is composed of oxygen united w ith a greater quantity 
of phlogiston, and h^ht of oxygen united w ith a still greater quantity. 

He supposed, too, that the difference between the rays depends upon the 
quantity of phlogiston : the red, according to him, contains the least $ the 
violet the most phlogiston. By phlogiston , Mr Scheele seems to have 
meant hydrogen . It is needless, therefore, to examine his theory, as it is 
now known that the combination of hydrogen and oxygen forms not calorfe 
but water. The whole fabric, therefore, has tumbled to the ground; but 
the importance of the materials will always be admired, and the rums of 
the structure must remain eternal monuments of the genius of the builder. 
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Chftp. v. existence of this general law —* 4 In every dse of combustion, 
oxygen combines with the burning body.” This noble disco-, 
very, the fruit of genius, industry and penetration, has reflected 
new light on every branch of chemistry, has connected and 
explained a vast number of facts formerly insulated and inex- 
plicable, and has new-modelled the whole, and moulded it into 
the form of a science. 

After Mr Lavoisier had convinced himself of the existence 
of this general law, and had published his proofs to the 
world, it was some time before he was able to gain a single 
convert, notwithstanding his unwearied assiduity, and the 
great weight which his talents, his reputation, his fortune, 
and his situation naturally gave him. At last Mr Berthollet, 
at a meeting of the Academy of Sciences, in 1785, solemnly 
renounced his old opinions, and declared himself a convert. 
Mr Fourcroy, professor of chemistry in Paris, followed his 
example. And in 1707, Morveau, during a visit to Paris, 
was prevailed upon to relinquish his formej^rinions, and 
embrace those of Lavoisier and his friends, fj^lie example 
of these celebrated men was soon followed by all the young 
chemists of France. * & 

Mr Lavoisier’s explanation of combustion depends upon the 
two laws discovered by himself and Dr Black. When a com- 
bdttibfe body is raised to a certain temperature, it begins to 
combine with the oxygen of the atmosphere, and this oxygen, 
during its combination, lets go the caloric and light with which 
it was combined while in the gaseous state : hence their ap- 
pearance during every combustion ; hence also the change 
which the combustible undergoes in consequence of com- 
bustion. 

Thus Lavoisier explained combustion without having re- 
course to phlogiston ; a principle merely supposed to exist, 
because combustion could not be explained without it. No 
chemist had been able to exhibit phlogiston in a separate state, 
or to give any proof of its existence, excepting only its con- 
vcniency in explaining combustion. The proof of its existence 
consisted entirely in the impossibility of explaining combustion 
without it. Mr Lavoisier, therefore, by giving a satisfactory 
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explanation of cotnbustion, without having recourse to phlo- Chap. v. 
giston, proved that there was no reason for supposing any such 
principle at all to exist. 

But the hypothesis of Mr Kirwan, who made phlogiston 
the same with hydrogen, was not overturned by this explana- 
tion, because there could be no doubt that such a substance as 
hydrogen actually exists. But hydrogen, if it be phlogiston, 
must constitute a component part of every combustible, and 
it must separate from the combustible in every case of com- 
bustion. These were points accordingly, which Mr Kirwan 
undertook to prove. If he failed, or if the very contrary of 
his supposition holds in fact, his hypothesis of course fell to 
the ground. 

Lavoisier and his associates saw at once the important uses He refutes 

, 1 the opinion 

which might be made of Mr Kirwan’s e&say. By refuting an of Kirwan. 
hypothesis which had been embraced by the most respectable 
chemists in Europe, their cause would receive an eclat which 
would make it irresistible. Accordingly, the essay was trans- 
lated into French, and each of the sections into which it was 
divided was accompanied by a refutation. Four of the sections 
were refuted by Lavoisier, three by Bertliollet, three by Four- 
croy, two by Morveau, and one by Monge; and, to do the 
French chemists justice, never was there a lefutation more 
complete. Mr Kirwan himself, with that candour which dis- 
tinguishes superior minds, gave up hib opinion as untenable, 
and declared himself a convert to the opinion of Lavoisier. 

Thus Mr Lavoisier destroyed the existence of phlogiston 
altogether, and established a theory of combustion almost pre- 
cisely similar to that which had been proposed long before by 
Dr Hooke. The theory of Hooke is only expressed in general 
terms ; that of Lavoisier is much more particular. The first 
was a hypothesis or fortunate conjecture, which the infant 
state of the science did not enable him to verify ; whereas, 

Lavoisier was led to his conclusions by accurate experiments, 
and a train of ingenious and masterly deductions. 

According to the theory of Lavoisier, combustion consists 
in two things : first, a decomposition ; second, a combination. 

The oxygen of the atmosphere being in the state of gas, is 
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* combined with heat and light. During coiibustion this gas 
is decomposed , its heat and light escape, while its base combines 
with the combustible and forms the product. This product 
is incombustible; because its base, being already saturated 
with oxygen, cannot combine with any more. 

J3. But the theory of Lavoisier was intended only to ex- 
plain the combustion of bodies surrounded with atmospherical 
air or oxygen gas. It does not apply in so satisfactory a 
manner, when both the supporter and the combustible are in 
a solid state, and when the product is gaseous. This is the 
case with gunpowder, which is an intimate mixture of nitre, 
charcoal, and sulphur. The saltpetre contains abundance of 
oxygen in a solid state. It is the rapid uifion of this oxygen 
with the charcoal and sulphur, and the conversion of them into 
carbonic acid and sulphurous "acid, which occasions the violent 
combustion and explosive property of gunpowder. Nor does 
it explain the evolution of fire, when sulphur combines rapidly 
with copper, or phosphorus with barytes or strontian, or lime. 
These, and many other simifar phenomena, have led modern 
chemists to the opinion, that combustion is a consequence, pf 
the rapid or sudden union of bodies with each other# 

Sir II. Davy (and bis opinion has been *embra<IC#f!pby Pro- 
fessor Berzelius) has gone a step farther, and endeavoured to 
explain the way in which chemical affinity acts with such 
energy. According to him, all bodies having an affinity for each 
other are in different states of electricity, the one plus and the 
other minus . The more intensely any body is plus and another 
minus, with the more energy will they unite, and the more 
violent will be the phenomena of combustion which they will 
exhibit during their union. Thus oxygen is highly negative, 
a$d hydrogen highly positive : hence the energy with which 
they unite, and the great heat evolved. 

Winterl and Oerstedt went a step farther, and endeavoured » 
to accouut for the heat and the light which appear when bodies 
unite with great energy. Plus or vitreous electricity, and 
minus or resinous electricity, in the opinion of the majority of 
electricians, consist each of a particular fluid. These two 
fluids have a strong affinity for each other ; and when they 
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unite, they constitute (in the opinion of Winterland Oerstldt) Cfakp.vi. 
Jire ; hence when a vitreously electric body unites with; a 
resinously electric body, the two fluids combine as well as the 
bodies in which they were inherent, and make their escape 
under the form of fire. 

We shall not inquire how far the two parts, of this hypo- 
thesis are consistent with each other, or how far the doctrine 
of permanent electric states is consistent with the phenomena 
of electricity. It will be better to reserve all discussions 
respecting the electric theory of chemical combination and 
combustion, till we have taken a view of the principal elec- 
tric facts which have been ascertained; which will constitute 
the subject of the second part of this volume. 


CHAPTER VI. 

OF THE NATURE OF HEAT. 


Having made ourselves acquainted with the effects which heat 
produces on bodies, it may.be worth while to make a few ob- 
servations upon the opinion which this knowledge is calculated 
to induce us to form respecting the nature of heat. Philoso- 
phers are at present divided in their sentiments on this subject. 

Some consider heat as a peculiar substance, which produces 
all the different phenomena which we have described, by en- 
tering into bodies, combining with them, or leaving them ; 
while others think that it is a property of matter, a motion 
of a particular kind, the nature of which has never been ex- 
plained in a satisfactory manner. 

During the^Hth century, from the time of Bacon to that Heatcon- 
of Newton, the latter of these opinions prevailed, at least inp^perty 8 * 
this country, almost universally. During the 18 th century,* ™? u “ a ? 
the former opinion was equally prevalent ; probably from the * ubst ® nce * 
popularity of. Cullen and Black, both of whom taught it in 
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theif lectures. Since the beginning of the present century, 
some of the most popular writers on chemistry in this country 
have reverted to the old opinion. This was first done by 
Count Rumford, who published some curious experiments, 
incompatible, in his opinion, with the notion that heat is a 
body. His example was followed by Sir Humphry Davy 
and Dr Thomas Young. 

1. From the most careful experiments that it has been pos- 
sible to make, it may be concluded that no accumulation of 
heat in bodies produces any alteration whatever in their weight. 
Dr Fordyce, indeed, drew, as a conclusion from an experi- 
ment of his, that when water is frozen into ice it becomes sen- 
sibly heavier ;* but Count Rumford, on repeating this expe- 
riment, found no sensible difference in the weight of the ice 
and water. We may therefore conclude, that the apparent 
increase of weight observed by Dr Fordyce was owing to the 
condensation of aqueous vapours upon the surface of the glass 
vessel containing the frozen water ,f Lavoisier had already 
come to the same conclusion from liis experiments, which seem 
to have been made with the most scrupulous attention to ac- 
curacy — It cannot be shown then that heat, supposing it a 
peculiar substance, possesses gravitation. 

2. The first three of the effects of heat are bggt explained 
by considering heat as a substance ; indeet^t is difficult to 
form any clear conceptions of them upon any oiner supposition. 
If heat be a peculiar substance there is no difficulty in con- 
ceiving how, by its entering into bodies, it increases their bulk, 
and how the bulk diminishes when it is withdrawn. There is 
no difficulty in conceiving how more heat may be requisite to 
produce a given effect upon one body than upon another, or 
why the specific heat of different bodies is different, on the 
supposition that heat is a body ; though if heat were mere 
motjpn, neither the property which it has to expand bodies, 
nor. the different capacity of bodies for heat, could be explained 
in a satisfactory manner. The radiation o/ heat admits of an 
equally simple explanation, if heat be a body, and so do fluidity 
and evaporation. 

* Phil. Trans. 1785, p. 361. 


t Ibid. 1790, p. 170. 
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Thus these three effects of heat would lead us to consider Chap, vi. 
heat as a peculiar kind of body. Accordingly this is the 
opinion which all those persons haie adopted who have turned * 
their chief attention to expansion, specific heat, radiation, 
fluidity, and evaporation. 

3. But ignition and combustion do not admit of so easy an The last 
explanation, if we admit heat to be a body. We cannot give a property, 
an intelligible explanation of ignition without admitting that 
heat and light are mutually convertible into each other. But 
if this mutual convertibility were admitted, there is nothing in 
the phenomena of ignition incompatible with the notion that 
heat is a substance. 

But no satisfactory explanation of the evolution of heat and 
light, during every case of combustion, has yet been given, 
flowing from the opinion that heat is a peculiar substance. 

It would be much easier to explain it, if we were permitted to 
consider heat rather as a .property of matter than as a sub- 
stance sui generis . We might then assign a reason why it 
should make its appearance in all cases of rapid combination, 
and never in any other case. The explanation that the fire 
evolved during combustion, is merely a union of the plus and 
minus electilcity, with which the bodies combining together 
were charged, appears at first sight plausible ; but it will not 
bear a rigid examination ; for it is incompatible with the very 
hypothesis from which it professes to flow. For if chemical 
affinity be merely the consequence of different states of elec- 
tricity, and if bodies unite merely because they are in different 
electrical states, it is clear that they could not continue united 
unless these different electrical states were permanent. But 
if the plus and minus electricity were to combine and fly off 
under the form of fire, there would be an end of the different 
electrical states which caused the bodies to unite, and, of 
course, they would cease to continue united, which is contrary 
to matter of fact. 

The phenomena of combustion, then, accord better with the^ 
notion that heat is a mere property of matter, while the other 
effects of heat agree better with the opinion that it is a body. 

Neither supposition will enable us to explain all the pheno- 
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eiiap. vl me 4a. I think, therefore, that it will be safest for us, in the 
f present state of our knowledge, to acknowledge our inability 

• to solve this difficult problem, and to confess that we are in- 
competent, to decide whether it be a substance, or a quality. 
Whether 4. But Sir Humphry Davy and Count Rumford have made 
mermof °" experiments, which they think incompatible with the opinion 

combustion ^t heat is a body. 

tibie^uh*" Davy found that a thin metallic plate was heated byiMl|te# 
lie&t being in the exhausted receiver of an air-pump, even when the jfgpa- 
a b ° dy * ratus was insulated from bodies capable of supplying h Jre by 
being placed on ice. He found also*that by rubbing two pieces 
of ice together so much heat is evolved that the ice melts. 

Count Rumford* took a cannon cast solid and rough as it 
came from the fohndery ; he caused its extremity to be cut off, 
and formed, in that part, a solid cylinder attached to the 
cannon 7f inches in diameter, and 9 T % inches long. It re- 
mained joined to the rest of the onetal by a small cylindrical 
neck. In this cylinder, a hole was boredjj^inehes in dia- 
meter, and 7*2 inches in length. Into mis hole^was put a 
blunt steel borer, which by means of horses, was made to rub 
against its bottom ; at the same time a small hole was made 
in the cylinder perpendicular to the bore, and ending in the 
solid part a little beyond the end of the bore. f This was for 
introducing a thermometer to measure the heat of the cylinder. 
The cylinder was wrapt round with flannel to keep in the 
heat. The borer pressed against the bottom of the hole with 
a force equal to about 10,000 lbs. avoirdupois, and the cylin- 
der was turned round at the rate of 32 times in a minute. 
At the beginning of the experiment, the temperature of the 
cylinder was 60° ; at the end of 30 minutes, when it had made 
960 revolutions, its temperature was 130°. The quantity of 
‘metallic dust or scales produced by this friction amounted to 
837 grains. 

To make this experiment more striking, Count Rumford 
, ^contrived to enclose the cylinder above described ih a wooden 
■' box filled with water, which effectually excluded all air, as the 
cylinder itself and tHe borer, were surrounded with water- and 
at the same time did not impede the motion of the instrimnV 
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The quantity of water amounted to 18*771bs. avoirdupois, and Chap. vi. 
at the beginning of the experiment was at the temperature of 
60°. After the cylinder had revolved for an hour at the rate 
of 32 times in a minute, the temperature of the water was 
107° ; in 30 minutes more it was 178° ; and in two hours and 
SO minutes after the experiment began, the water actually 
boiled. According to the computation of Count Rumford, 
the heat produced would have been sufficient to heat 26*581bs. 
avoirdupois, of ice-cold water boiling hot ; and it would have 
required nine wax candles of a moderate size, burning with a 
clear flame all the time the experiment lasted, to have pro- 
duced as much heat. In this experiment all access of water 
into the hole of the cylinder where the friction took place was 
prevented. But in another experiment, the result of which 
was precisely the same, the water was allowed free access.* 

The experiments of Rumford were repeated and diversified 
by M. Haldot. He contrived an apparatus by which two 
bodies' could be pressed against each other by means of a 
spring, while one of them turned round with the velocity of 
32*8 inches per second. The friction took place in a strong 
box containing 216 cubic inches of water. The results ob- 
tained so nearly resemble those of Count Rumford, that it is 
unnecessary to enter into particular details. The rubber was 
brass. When the metal rubbed was zinc, the heat evolved was 
greatest; brass and lead afforded equal heat, but less than 
zinc ; tin produced only |jths of the heat evolved during the 
friction of lead. When the pressure was quadrupled, the 
heat evolved became seven times greater than before. When 
the rubber was rough, it produced but half as much heat as 
when smooth. When the apparatus was surrounded by bad 
conductors of heat, or by non-conductors of electricity, the 
quantity of heat evolved was diminished.f 

In these experiments, it is contended by Davy and Rum- 
ford, that no source of this enormous quantity of heat can be 
pointed out. It cannot be supposed to be absorbed from the 
neighbouring bodies ; nor can it be derived from the bodieS* 


* Nicholson's Jour. ii. 106. 


t Ibid. xxvi. 30. 
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themselves, without supposing the quantity of heat which they 
<$htam to W infinitely great. y 

■ I am disposed to think that a part at least,* if not the whole, 
of the heat evolved in Count Rumford’s experiments, proceeded 
from an augmentation of density, and a consequent diminution 
of specific heat in the metallic cylinder subjected to friction. 
Thera can be little doubt at least, that the quantity of heat 
produced depends in some measure upon the size of the cylin- 
der*. For surely it will not be contended, that it would be 
equally great when a very slftall cylinder is used as when a 
great one is employed. 

V Berthollet, Pictet, and Biot, have made a set of experi- 
ments, to ascertain the quantity of heat evolved when ductile 
metals are suddenly struck forcibly, as when they are stamped 
in the process of coining. The experiments were made upon 
pieces of gold, silver, and copper, of the same size and shape, 
and care was taken that all the parts of the apparatus had ac- 
quired the same temperature before the experiments began. 
Copper evolved most heat, silver was next in order, and gold 
evolved the least. The first blow evolved the most heat, and 
it diminished gradually, and after the third blow was hardly 
perceptible. The heat acquired was estimated by throwing 
the piece of metal struck into a quantity of wttter, and ascer- 
taining the change of temperature which tne water under- 
went. The following table exhibits the increase of tempera- 
ture, experienced by two pieces of copper by three successive 
blows : — 




1st Blow 


2d Blow 
3d Blow 


{ 

i 

i 


1st Piece 
2d Piece 
1st Piece 
2d Piece 
1st Piece 
2d Piece 


17 0< 44 

20-8Q 

7-30 

3-69 

. 1-90 
1-46 


. , :The whole quantity of heat evolved by, each of these pieces 
..of copper, is nearly the same ; that from the first piece being 
r26 0, 64, and that from the second 25°*95. 
s|,; The following 'table exhibits the heat evolved from two 
pieces of silver treated* in the same way : — 
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1st Blow 

C 1st Piece .... 
£2d Piece .... 

6°-19 

7*30 ' 

Chap. VI. 

2d Blow 

C 1st Piece .... 
£2d Piece .... 

5-85 

2-14 


3d Blow 

C 1st Piece .... 

? 2d Piece .... 

2-76 

2-02 


Total evolved from the 1st Piece . 

14-74 


Ditto from the 2d 

11-46 



The change in specific gravit^whicli the metals underwent, 
was found to be proportional to the heat thus evolved, as ap- 
pears from the following table, deduced from their experi- 
ments : the specific gravities were taken at the temperature 
of 46°*5 : — 


Specific gravity of gold . * . 

19-2357 

Ditto annealed 

19-2240 

Ditto struck 

. 19-2487 

Specific gravity of silver . 

10*4667 

Ditto anucaled / 

10-4465 

Ditto struck 

10-4838 

Specific gravity of copper . 

8-852 9 

Ditto struck 

8-8898 

Ditto struck a second time . *. 

8-9081 


From these experiments it is obvious, that the heat evolved 
when metals are struck is owing to the condensation, and pro- 
portional to the condensation: hence, when they can no longer 
be condensed, they cease to evolve heat. These philosophers 
observed, during their experiments, that heat or cold is pro- 
pagated much more rapidly, from one piece of metal to another, 
when they are struck, than when they are simply placed in 
contact.* 

There can be little doubt that friction occasions an increase 
of density as well as hammering. But this increase must be 
confined to the solid portion, and not exist in the scales or dust 
rubbed off, which alone Count Rumford examined. Thus 


Mem. d’Arcueil, ii. p. 441, 
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the experiments of Rumford and Davy, though they admit 'pf 
an easier explanation if we were to consider heat as a mere 
property of matter, do not furnish the demonstration of the 
immateriality of heat which these philosophers thought they 
did. 

Two mathematical theories of heat have made their appear- 
ance during the last 25 years. The first by Fourier, entitled 
Theorie Analytique de la Chaleur , was partly laid before the 
French Institute in 1807, and partly the subject of a prize 
offered by the Institute in i812. It was published in a 
separate form in 1822. The second, entitled Theorie Mathe - 
matique de la Chahur , was published by Poisson, in 1833. 
Neither of these eminent mathematicians attempt to settle the 
question respecting the nature of heat ; but investigate the 
mathematical laws of the radiation of heat, and of its conduc- 
tion through various bodies. Fourier, from the well known 
fact that the temperature increases as we descend into the 
earth, admits the existence of a central heat. From the exist- 
ence of animal and vegetable remains in the frighLzone, similar 
to those at present confined to the torrid zone, he Infers that the 
temperature of the earth has sunk considefpply, at least in high 
latitudes. But he demonstrates, contrary the opinion of 
Buffon, that its cooling has now reached its maximum. For 
he shows that the temperature of the surface is entirely re- 
gulated by the sun ; and that the present effect of a central 
fire, supposing it to exist, can only be at the utmost, to 
increase the temperature of the surface by one-thirtieth of a 
centesimal degree. He shows also that the temperature of the 
celestial spaces can nowhere be less than 50 or 60 centigrade 
degrees below zero. 

M. Poisson, from a variety of arguments which seem, to me 
at least, decisive, has rejected the idea of a central heat altoge- 
ther, and has endeavoured to account for the increasing tem^ 
perature as we descend towards the centre of the earth, by sup- 
posing that the sun with its attendant planets is moving through 
space, that space contains an alternate warm and cold portion, 
that while moving through a warm portion of space the sur- 
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face of the earth becomes hottest, and the temperature sinks Chip, vi. 
at we penetrate towards the centre, that the contrary happens 
when the solar system is moving through a cold portion of 
space, which is the case at present. This hypothesis is very 
bold, and in the actual state of our knowledge is not suscepti- 
ble of proof. Should a period arrive in the course of ages, 
when' the temperature becomes stationary, or begins to s in k as 
we penetrate into the earth, data will then be obtained for 
verifying or refuting this hypothesis. 




PART II.— OF ELECTRICITY. 


Electricity, which occupies so conspicuous a place in modern 
science, was nearly unknown to the sages of antiquity, and 
can scarcely be said to have commenced as a science till after 
the beginning of the 18th century. 

The ancients were aware that amber when rubbed acquires 
the property of attracting light bodies to -it.* Theophrastus, 
speaking of the lyncurium stone , observes, that it has an attrac- 
tive power like that of amber, and that it is said not only to 
attract straws and small pieces of sticks, but even copper and 
iron, if they be beaten into thin pieces.t Those two facts con- 
stitute almost every thing respecting electricity known to the 
ancients. 

Dr Gilbert greatly multiplied the number of substances 
which are capable of acquiring electrical properties. Mr 
Boyle made some attempts to explain the phenomena of electri- 
city known in his time, upon mechanical principles.^ Haukes- 
bee first attended to the light emitted by excited bodies. § Aqd 

* Pliny says, <f Caeterum attritu digitorum accepta vi caloris ( succina ) 
attrahunt in se paleas et folia arida, ut magnes lapis ferrum,” Lib. xxxvii. 
c. 3. But amber seems not to have been distinguished by the ancients 
from some other transparent rosins. Pliny informs us that it grows in 
India, and that Archelaus, king of Cappadocia* had specimens of it adher- 
ing to the bark of trees. 

f To Xvfxvgtov i\xti yug urietg to iXtxrpv’ ot h <pacrn> ou ftovov xtt$n xit %vXov, 
atXXa xat %xXxo* xat trf&tigov, lav p Xtvrros* xect AuoxXns tXsytv, Thco- 

plirast. *•«$/ rm sect. 1. There are very strong reasons for believing 
that the lyncurium of the ancients is the same mineral with the tourmalin 
of modern mineralogists. See Watson, Phil. Trans. 1759, p. 394. 

t See Shaw's Boyle, i. 506. 

§ Dr Wall first concluded from experiment that all electric bodies be- 
came luminous when rubbed. Phil. Trans. 1708, vol. xxvi. p. 69. 
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Idlis apparatus for exciting electricity probably lect the .way to 
j»mir«r/M electrical machine.* But it was JWr Stephen Gray who 
^ laid the true foundation of electricity , as a science, in the im- 

portent papers inserted by him in the Philosophical Trai u ac- 

Him betwii the jemWOMiUM. He found tbat certain 

\»&S csaW radtel \ij friction, and others not. This led 
him to divide bodies into two sets, viz. electrics and non-electrics. 
He ascertained that non-electrics maybe excited by being 
brought into the neighbourhood of excited electrics. Finally, 
life discovered that electricity passes with ease through any 
length of non- electrical bodies; but not through electrics. 
This induced him to call the former conductors, and the latter 
non-conductors of electricity. 

Fay Du y ear 1^3, M. du Fay, of the French Academy of 

Sciences, began his electrical career. He published in suc- 
cession eight Memoirs on Electricity , equally remarkable fojr 
candour and scientific acumen. To him we are indebted for 
three important discoveries. 1 . lie found that conductors may 
be excited by friction, as well as non-conductors, provided we 
take the precaution to insulatef them before we begin to rub. 
It was from not attending to this necessary precaution that Mr 
Gray had failed in exciting these bodies. 2. Electrical bodies, 
when excited, attract those that are not excited, communicate 
electricity to them, and repel them. 3. There are two kinds of 
electricity, the vitreous and the resinous . The first is pro- 
duced when we rub smooth glass with a woollen cloth, or with 
hair ; the second when w e rub amber , sealing-wax , or gum lac . 
Bodies having the same kind of electricity repel , those having 
different electricities attract each other. The reason why 
excited bodies attract light substances to themselves, is, that 
they produce in them the contrary electricity from that which 
they themselves possess : hence they are attracted in conse- 
quence of the general law that bodies having the opposite 

* Physico- Mechanical Experiments on various subjects . Containing an 
account of several surprising phenomena touching light and electricity, pro~ 
ducible on the attrition of bodies, §*c. *1709. 

t By insulation is meant surrounding a body with non-conductors, so 
that no conductors shall be in contact with it. 
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fffea attract each other. The last of M. du Fay’s papers Part IX: 
{city appeared in the Memoires de VAcademie for 
He died of the small-pox in 1739, at the early age 


In the year 1746 a discovery was made by Mr Cuneus, in 
company with Messrs Muschenbroeck and Allamand, which tjroeck^and 
attracted the attention of the whole civilized world, and gave 
such an eclat to electricity, that it for many years drew to 
itself almost the exclusive attention of men of science. Ob- 


serving that electrified bodies, when exposed to the common 
atmosphere, soon lost their electricity, and were capable of *' 
retaining but a small quantity, these gentlemen imagined that if 
an excited body were terminated on all sides by electrics, it might 
be capable of receiving a stronger power, and retaining it a 
longer time. A gun-barrel was suspended on silken strings, 
having one of its ends very near a glass globe, which was 
turned rapidly, while electricity was excited in it. by friction 
with the bands. A wire was hung from the other extremity 
of the gun barrel, which dipped into a beer glass full of water, 
and held in the hands of one of the gentlemen. After the 
globe had been driven for some time, the gentlenlan who held 
the beer glass approached his finger toThe gun-barrel to draw 
a spark from it. The consequence was a shock , differing in 
violence according to the length of time that the globe had 
been turned. Sometimes it affected only the arms as far as 
the elbow, sometimes to the shoulders; and sometimes the 
whole body was affected.* Such was the origin of the Leyden 
phial experiment, which within a few months was publicly 
exhibited for money in London and Paris, and all the prin- 
cipal cities of Europe. This famous experiment was imme- 
diately repeated in Paris by the Abbe Nollet, and by M. 
Lemonnier, and in London by Dr Watson. But it was Dr 
Franklin who first explained it in a satisfactory manner. 

Dr Franklin first presented himself to the scientific world, Of br^ 
as an experimenter on electricity, in 1747. But his Expert 
ments and Observations on Electricity , made at Philadelphia in 


* Hist, de l’Academie, 1746, p. 1. 
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Par* if- America, were not published till the year 1 754. This publica- 
tion forms a remarkable era in the history of electricity. It 
was translated into almost every European language, and the 
opinions which it contained, were almost universally 'adopted. 
Dr Franklin conceived that only one electric fluid existed, — 
and that all the phenomena of electricity were occasioned either 
by its accumulating in bodies, in more than its natural quantity, 
or by its being withdrawn from bodies so as to leave in them 
less than the usual quantity* When a body contains its natural 
quantity of electricity, it exhibits no electrical phenomena 
whatever. When electricity accumulates in it, the phenomena 
of the vitreous electricity of Du Fay are exhibited. When 
electricity is deficient, we perceive in it the phenomena of the 
resinous electricity of Du Fay: hence Dr Franklin substituted 
for vitreous and resinous , the terms positive and negative , or plus 
and minus electricity.* t 

Besides this theory, which was probably the cause of the 
immediate celebrity of I)r Franklin, electricity is indebted to 
him for three capital discoveries, upon which his reputation as 
an electrician will finally rest. 1 . Electricity is dissjygated at 
a great rate* by points, so that it is impossible to accumulate 
it in pointed bodies. This led to the thunder rod as a security 
for buildings. 2. The second and great discovery of Dr 
Franklin was that lightning and thunder are occasioned by the 
accumulation of electricity in the atmosphere; or, in other 
words, that lightning ifjthe same thing with electricity . This 
he proved by drawing lightning from the heavens, and showing 
that it possessed all the characters of common electricity. 3. 
His third discovery was the analysis of the Leyden phial, which 
contributed more than any thing else, to establish his peculiar 
theory of electricity. ’ 

* I shall employ in the ensuing treatise the terms positive and negative 
electricity to denote the two electricities discovered by Du Fay. But 1 
do not adopt the hypothesis of Franklin, that only one electric fluid exists. 
The phenomena do not seem explicable on any other supposition than the 
^Aistence of two electric fluids. But the terms positive and negative ap- 
plied to these two merely as proper names are more convenient and less 
objectionable than the terms vitreous and resinous applied to them by the 
French electricians. 
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Dr Franklin’s, theory was exhibited in a mathematical dress Part ii. 
by jEpinus in 1759,* and by Mr Cavendish in 1771.f They 
laid down the hypothesis, and deduced the mathematical Con- 
sequences from it. These consequences, provided we admit 
the truth of certain suppositions which iEpinus was obliged $6 
make, flow directly from the theory. 

In the year 1779, a highly important work on electricity was Of Lord 
published by Lord Mahon, afterwards Earl of Stanhope4 ^In Mahon ' 
this work the author enters at great length into the nature of 
what are called Electric Atmospheres . The term, I believe, 
was introduced by Dr Franklin, though his notions on the sub- 
ject want that precision which usually characterises his ideas. 

Mr Canton demonstrated that the air in the neighbourhood of 
a charged conductor, or an excited body, gradually acquires 
the same kind of electricity with which the body itself is 
charged : so that the air round an exited body, to some un- 
known distance, is in the same state of electricity with the 
body itself. The greater the size of the excited body, and the 
more electricity which it contains, the greater will be the dis- 
tance to which the surrounding air will be possessed of the 
same kind of electricity. Now it is this portion of surrounding 
air which has been called an electric atmosphere . 

Lord Stanhope demonstrated by very beautiful and decisive 
experiments, that the quantity of electricity in this electric 
atmosphere diminishes inversely as the square of the distance 
from the electrified body : hence the reason why the electri- 
cal atmosphere cannot possess any sensible electric properties, 
at any considerable distance from the electric body. It was 
this investigation that led Lord Stanhope to the important 
discovery of the returning stroke . 

The next series of discoveries on electricity was made by 
M. Coulomb, and published by him in four Memoirs inserted 0 
in the Memoires de VAcademie de Paris for the years 1785 and 

* Tentamen theories electricitatis et magnetimi. 

f Phil. Trans. 1771 » p.584. 

t Principles of Electricity , containing divers new theorems and experi- 
ments, together with an analysis of the superior advantages of high and 
pointed conductors. 
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jfo* lr * 1786. M. Coulomb had constructed a very delicate electri- 
cal balance, which measured the attractive and repulsive forces 
by the tortion of a very fine wire. By means of this balance 
he made three capital discoveries, which constitute in fact the 
principles of all electrical theory. 1 . The attractions and 
repulsions of electrical bodies vary inversely as the square of 
their distances. So that these forces vary precisely in the 
same ratio as gravitation does. 2. When insulated bodies are 
cfra*ged with electricity, they do not retain their electricity, 

* but gradually lose it. This is partly owing to the surround- 
ing atmosphere, which never being absolutely free from con- 
ducting particles, these particles gradually get possession of 
the electricity and carry it off. It is partly owing also to the 
electric bodies, which serve as insulators. There is probably 
no substance absolutely impervious to electricity ; though some 
are more and some less so : hence the electricity gradually 
passes off along the insulating body. Coulomb determined 
the effect of both of these causes, from which the electricity is 
carried off from sCn excited body, and thus put it in the power 
of electricians to calculate how much electricity an insulated 
body loses in a given time. Such a calculation becomes 
necessary when we wloh to compare the forces of electrical 
bodies at different distances ; for these comparisons being 
made in succession, could not lead to accurate results unless 
we ascertain and allow for the electricity lost during the course 
of the experiment. 3. Coulomb showed that when electricity 
was accumulated in any body, the whole of it is deposited on 
the surface, and none of it penetrates into the interior. So 
that a hollow sphere, however thin its walls be, may be charged 
with just as much electricity as a solid metallic sphere of the 
same diameter. It was obvious from this that electricity was 
not accumulated in bodies, in consequence of any affinity which 
it has for them ; but solely in consequence of its repulsive 
action. 

Electricity, towards the end of the 18th century, had ceased 
“ R> attract the undivided attention of men of science, as it had 
done for a considerable, time in consequence of the discovery 
of the Leyden phial. The rapid advances of chemistry, aqd 
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the interesting facts successively brought to light respecting 
gaseous bodies, had made the study of chemistry the favourite 
with men of science, and had drawn to it a very great propor- 
tion of the most successful cultivators of science in Europe. 
A new discovery in . electricity was necessary to revive 
declining popularity of that once favourite science. This dis- 
covery was made about the year 1800, by M. Volta, who 
supplied electricians with a new apparatus, destined not merdy 
to throw a new light upon electricity, but, in the hands of ffir 
Humphry Davy, to form a new era in chemistry by mating 
us acquainted with the composition of the fixed alkalies and 
earths. 

The discovery of Volta via* owing to a set of experiments 
made by M. Louis Galvani, professor of anatomy in Bologna, 
about the year 1790. Gal\ani had dissected a frog, and had 
laid the hind legs, deprived of their skin, and with the crural 
nerve laid bare, upon a table, very near the prime conductor 
of an electrical machine. One of his assistants accidentally 
brought the point of a scalpel near the crural nerve, while 
another was drawing sparks from the conductor. He observed 
that every time that a spark wa& drawn, while the scalpel was 
in that position, the muscles of the leg wffl-c thrown into violent 
convulsions. Galvani was informed of this unexpected effect. 
He immediately repeated the experiment, and satisfied himself 
that every time that a spark passed from the conductor, while 
the scalpel approached the crural nerve, a violent convulsion 
of the muscles of the limb took place.* 

Astonished at this effect he made a vast number of experi- 
ments, and found that when a piece of metal in contact with 
the muscles of the leg is made to touch the crural nerve, con- 
vulsions ensue; and^that these convulsions are more violent if 
two different metals (silver and copper for example), one in con- 
tact with the muscles and the other with the nerve, be made 
to touch each other. He drew, as an ultimate conclusion, that 
a peculiar kind of electricity (the nervous fluid of anatomists,) 

* Galyani’s own account of the discoveries was published in the seventh 
volume of the Commentarii de Bononensi Scientimrum et Artium Institute 
atgue Academia . 
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was secreted in the brain, and conducted by the nerves to the 
muscles, every fibre of which was charged like a Leyden jar 
with both the electricities ; that the metals served as a con- 
ductor, and caused the discharge of this electricity : hence the 
convulsions.* 

The publication of Galvani’s paper drew the attention of 
M. Volta, professor of physics at Pavia. He had already 
distinguished himself by the discovery of the elcctrophorus, 
tne condenser, and the eudiometer. He repeated and varied 
the experiments of Galvani, and drew as a conclusion from 
them, that the electricity which occasioned the convulsions 
did not exist in the muscles of the animal, but was evolved by 
the contact of the two metals. He affirmed that whenever two 
different conductors are placed in contact, electricity is always 
excited. This statement occasioned a violent controversy 
between Volta and Galvani, which continued till the death of 
the latter in 1799. 

Fabroni had also opposed the hypothesis of Galvani in an 
important paper published in 1792, but which scarcely drew 
the attention of men of science ; though in all probability it 
constitutes the true explanation of the origin of the electricity 
which occasioned the convulsions in Galvani’s experiments. 
According to him, it is evolved by the chemical decompositions 
and new combinations which always take place when two 
metals are placed in contact with each other. 

The dispute between the followers of Galvani and Volta 
was maintained with undiminished pertinacity by both parties, 
when Volta, in a letter to Sir Joseph Bankes, in 1800, an- 


* There is some reason for believing that these convulsions had been 
previously observed. Sue, in his Histoire da Galvanism (p. 1), states, on 
the authority of Cotagno, that a mouse having bit the leg of a student of 
medicine, he caught it and dissected it, and was much surprised on touch- 
ing the intercostal or phrenic nerve of the animal, to experience a pretty 
strong electric shock. And Sulzer, in his Theorie Generate du Plaisir, 
says, that if you join a piece of silver and lead so that their edges form 
one plane, and touch them with the tongue, a strong taste like that of 
green vitriol is perceived, though each separately give no taste. But these 
isolated facts drew no attention. 
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pounced his discovery of the pile.* In prosecuting his views, 
that the electricity which caused the convulsions in the muscles 
of the frog was evolved from the metals, he fopnd that if a 
number of pieces of silver and zinc, or copper and zinc, were 
soldered together two and two, a plate of copper to a plate of ‘ 
zinc ; if a number of these pairs were piled above each other, 
always in the same order (that is, the copper or the zinc always 
undermost), with a card or piece of leather between eaph 
soaked in water, or, still better, in brine, an apparatus wits 
formed, which furnished a constant current of electricity ; so 
that if the wet finger of one hand was applied to the under- 
most plate, on touching the uppermost plate with the wet finger 
of the other hand, an electric shock was felt, the violence of 
which depended on the number of pairs of plates thus piled 
above each other. These shocks may be repeated as often as 
the experimenter pleases ; so that the pile differs from the 
Leyden phial in evolving a constant current of electricity, with- 
out requiring to be charged. Volta observed that the zinc end 
of the pile was charged with positive electricity, and the copper 
end with negative electricity. He found also that when a part 
of the body deprived of its epidermis was placed in contact with 
the negative pole, the pain was greater otT completing or break- 
ing the circle, than when it wasir contact with the positive pole. 

Volta commonly made use of an arrangement which he called 
couronne des tasses . It consisted of a number of cups of glass 
or porcelain, containing each a quantity of salt water. These 
are all made to communicate in a kind of chain by several 
metallic arcs, of which one arm or link immersed in one of the 
cups is copper, and the other immersed in the following cup is 
zinc ; the two being soldered together near the top of the arch. 
When the two extreme cups are united by plunging the fingers 
or a wire into them, all the phenomena of the pile are induced. 

The first persons who repeated Volta’s experiments after 
the publication of his paper in the Philosophical Transactions , 
were Messrs Nicholson and Carlisle, with a pile consisting of 
17 pairs of plates of silver and zinc, separated by moistened 


Part 


* Phil. Trans. 1800, p. 403. 
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" Part ii. card. They observed that the electric current passed through 
certain liquid conductors, while it was stopped by bad con- 
ductors. A smell having become sensible in certain cases, 
Nicholson, to discover the cause of it, interposed between the 
summit and base of the pile, a glass tube filled with water, 
through the extremities of which passed copper wires commu- 
nicating the one with the top and the other with the bottom of 
the pile. The extremities of the wires in the tube were dis- 
tant from each other about two inches. From the wire in 
communication with the silver or negative extremity of the 
pile, a current of small air bubbles were seen to pass. From 
the wire connected with the zinc or positive end of the pile, 
no air bubbles passed, but the wire became first orange and 
then black, showing that it had combined with oxygen. The 
air bubbles from the negative wire consisted of hydrogen gas. 
Thus it was proved that the pile has the property of decom- 
posing water, and that the hydrogen is evolved at the wire 
from the negative pole, while the oxygen is evolved at the wire 
connected with the positive pole. 

Sir Anthony Carlisle repeated the experiment, colouring 
the water in the tube with litmus. The liquid surrounding 
the positive wire became red, showing that an acid had been 
evolved round that wire. 

Nicholson observed that the chemical decomposition took 
place between each pair of the metallic plates ; that the sur- 
face of the zinc was oxydized ; that the common salt with 
which the card had been impregnated was decomposed, and 
an efflorescence of soda deposited on the copper plate. He 
observed that the effect was increased by augmenting the 
number of plates; but that increasing or diminishing the 
thickness of the plates had no effect whatever. When he sub- 
stituted platinum wires for copper wires, oxygen gas was 
evolved from the positive wire, and hydrogen gas from the 
negative wire, in the exact proportions to constitute water ; 
showing unequivocally that water was decomposed by the 
electrical energy )f. the pile* When copper wires were used, 
and the water in the tube acidulated, metallic copper was 
gradually deposited on the negative wire. 
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These facts, and several others which it is unnecessary to Part 
state, were inserted by Mr Nicholson in his quarto journal. 

Similar experiments were made about the same time by Mr 
Cruikshanks, of Woolwich, and also by Ritter. It is needless 
to state the attempts of Cruikshanks to discover the acid and 
alkali which he conceived to be generated by the action of 
the pile, because his conjectures did not prove accurate; 
but he conferred a considerable benefit upon experimenters 
by substituting a trough of wood, lined with resinous cement 
and divided into cells, for the original pile of Volta. The 
plates of copper and zinc were at first soldered together, and 
inserted* into the trough at small intervals from each other, 
and these intermediate cells hemg filled with water impreg- 
nated with common salt, or still better, acidulated with sul- 
phuric, nitric, or muriatic acid. The two extremities of such 
a trough being connected by metallic wires, it is in a state of 
activity. 

It was soon observed, that the energy of such a trough did Farther im- 
not depend upon the extent of surface in which the copper proved ’ 
and zinc plates touched each other ; but upon the extent of 
surface of these plates in contact with the liquid. It was suf- 
ficient if the zinc and copper platrs to veiled each other in a 
single point, provided these plates were themselves plunged 
into the liquid, so that a copper plate should always be exactly 
opposite to a zinc plate in the same cell, without the two 
plates touching each other in any part: hence, instead of 
soldering the zinc and copper plates together, it was found 
sufficient to allow a small ribbon of copper to issue from the 
summit of each copper plate. This ribbon was soldered to 
the top of the zinc plate. A section of two such plates, 3 


is here represented, in which z is the zinc plate, and 
c the copper, while 3 represents the ribbon of copper 
by which the two plates are soldered together. The 
wooden trough was divided iuto cells, by cementing 
into it, at regular distances, as many plates of glass, 
or varnished wood, as there were plates of zinc and 
copper cemented together. The trough thus pre- 
pared, was filled with the liquid intended to act as a 
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Part ii. conductor. The metallic plates were then slipped in, tak- 
~~ ing care that all the zinc plates were turned the same way, 
and that each pair was separated from each other by the glass 
or wooden diaphragm which divided the trough into its vari- 
ous compartments. The 
figure in the margin re- 
presents a section of a 
small portion of such a 
trough, in which the mid- c 
die line in each trio re- 
presents the glass plates 
which divide the trough 
into different cells, while 
cz , &c., represent eight pairs of the cemented metallic plates 
slipped over the glass diaphragms, so that there is a zinc plate 
in every cell, exactly opposite to the corresponding copper 
plate; each a certain distance from the other.* The zinc 
plates are all turned the same way. At the extremities of 
the trough, there was a cell filled with tlie conductifK liquid, 
and containing only one metallic plate. The ext^bity at 
which this plate was zinc constituted the positive of the 
trough. The other extremity into the last trough of which a 
copper plate plunged was the negative extremity. There was 
usually a piece of wood fixed at each extremity of the trough, 
with a small hole in it for the introduction of a wire, in order 
to make the two extremities of the trough communicate with 
each other, which is necessary for bringing the trough into 
action. 

When the size of the metal plates is considerable, four 
inches square, for example, if the trough contains a consider- 
able number of *pairs, 50 or 100 for example, it becomes so 
troughs* 11 heay y as b e a l mos ^ unmanageable. To obviate this incon- 
venience, the troughs are now made of porcelain, and of such 
a dize that each trough is divided into ten separate cells, by 
means of porcelain divisions in the 
“trough. . The figure in the mar- 
gin represents the surface of such 
a trough, viewed from above, c 
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c c, &c., represents {he different cells into which the trough Part u. 
is divided by the porcelain diaphragms introduced into trough. 

The ten pairs of plates belong- 
ing to each trough are properly 
screwed to a small rectangular 
piece of wood sufficiently strong 
to support them, as represented 
in the margin. The piece of 
wood to which the plates are 
screwed is well dried and then 
varnished, in order to be ren- 
dered a non-conductor of elec- 
tricity. . The plates are so 
screwed into the wood that a plate of zinc and a plate of cop- 
per can be introduced into the same cell at the requisite dis- 
tance, and exactly opposite to each other. These two plates 
communicate only by means of the conducting liquid into 
which they are plunged. 

A little reflection is sufficient to show that the energy of Zinc jflates 
each pair of plates depends upon the extent of surface of the withTop-*** 
two metals exactly opposite to each other, and separated by per * 
the conducting surface. When a single <platc of zinc is intro- 
duced into a trough, and a single plate of copper is placed 
opposite to it of exactly the same size, it is obvious that only 
one of the sides of the zinc plate, and one of the sides of the 
copper plate, exert their energy. The other sides of both 
plates are totally inefficacious. Now, it will bo seen afterwards, 
that when such troughs are in activity, it is the zinc plate 
which is wasted and not the copper ; but both sides of the 
zinc plate dissolve. Thus when the trough is constructed in 
the way now described, the consumption of the zinc is twice 
as great as its energy. To remedy this defect the copper 
plate is made to go round the zinc plate, so as to be opposite 
to it at a certain distance. By this contrivance the two sur- 
faces of the zinc are brought into action. This doubles the 
energy of the trough without much increasing the consump- 
tion of the zinc. This last improvement was suggested by 
Dr Wollaston. 
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Part it. Davy seems to have been the first person who attempted to 
ascertain the effect produced by enlarging the size of the 
metallic plates. Foureroy, Vauquelin, and Thenard, had 
already shown that large plates answered much better than 
small ones for reddening and burning wires; and for pro- 
ducing those combustions which had been already obtained, 
by means of the common electric battery.* Davy employed 
a battery composed of 20 pairs of copper and zinc plates, each 
being a square of 13 inches to the side. When charged with 
pure water the Effects were very trifling. Brine increased 
the action considerably. With weak nitric acid it was still 
farther augmented, being capable of heating to whiteness 
three inches of iron wire of an inch in diameter. He 
considered the increased effect from nitric acid as owing to 
the action of that acid on* the zinc plates of the battery. 

^ When two small pieces of well-burnt charcoal, pjp a piece of 
charcoal and a metallic wire, were made to complete the circle 
in water, vivid sparks were perceived, gas was given out very 
plentifully, and the points of the charcoal appeared red hot in 
the fluid for some time after the contact £was made, and as 
long as this appearance existed, elastic fluid was generated 
with the noise of ebullition. Davy examined the gases pro- 
duced by means of gold wires and charcoal in water, alcohol, 
ether, sulphuric acid, and nitric acid, but it is unnecessary to 
state the results-! * 

The first^important step towards the determination pf the 
chemical de%mpositions produced by the Voltaic battery was 
made by Hisinger and Berzelius, and an account of their 
experiments was published in the year 18034 When they 
employed iron wires and a dilute solution of sal ammoniac, 
they obtained hydrogen and oxide of iron. Concentrated 
ammonia, treated in the same way, gave hydrogen at the 
negative pole, and azote at the positive pole, while a little 
oxide of iron was dissolved. When the ammonia was diluted 
with water, the water alone was decomposed. Sulphate of 


* Ann. de Chimie> xxxix. 103. f Nicholson's Jour. iii. 135. 
X Gehlen’s Journal dcr Chimie, i. 115. 
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ammonia, with excess of acid, gave hydrogen at the negative Part 11 . 
pole, and oxygen at the positive. Several alkaline and 
"metallic salts were successively decomposed. Prussiate of 
ammonia gave at the positive pole prussiate of iron with an 
excess of oxide. 

% Common salt, decomposed by silver wires, gave at the posi- 
tive pole chlorine and chloride of silver, while the negative 
pole was surrounded by soda. Sulphate of potash, decomposed 
by leaden wires, gave peroxide of lead and ^xygen at the posi- 
tive pole, and hydrogen at the negative, 
v Hi singer and Berzelius remarked that the evolution of gas ofHi- 
continued a long time after the tubes were separated from the ^nger^and 
electric chain. From these, and many other experiments 
which it is needless to detail, they drew the following ' con- 
clusions : — 

1. When electricity traverses a liquid, the constituents of 
that liquid separate so that one set of them collect round the 
positive pole, and another set round the negative pole. 

2. The principles which collect round the same pole have 

a certain analogy with each other : to the negative side pass 
combustibles, alkalies, and earths : to the positive pole, oxygen, 
acids, and oxides. • r 

3. The relative quantity of decomposition in compound 
liquids is in proportion to the affinity of the components for 
each other, and to their points of contact with the conductors : 
hence it may happen that the most dense compound only is 
decomposed, and that the one most divided is not at all. 

Thus, concentrated ammonia is easily decomposed ; but when 
it is diluted with water, the aqueous fluid alone undergoes 
decomposition. 

4. The absolute quantity of decomposition is in proportion 
to the quantity of electricity $ and the quantity of electricity 
is in proportion to the extent of contact of the metals in the 
battery with the liquid conductors. 

5. The worse a conductor of electricity a liquid is, the more 
difficult it is to decompose it. 

6. The phenomena of decomposition arc determined by 
(1.) The affinity of the constituents for the conductor as far 
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Part It as they can enter into combination with it. (2.) By the 
reciprocal affinity of the constituents, when there are several. 
Thus when we decompose nitre; ammonia is formed. (3.) 
By the cohesion of the new compound. 

7. Water is decomposed into hydrogen and oxygen, both 
of which are insoluble in water. This is the reason why the 
former is disengaged by the negative wire, and the latter by 
the positive. 

Sulphuric acid^gives sulphur at the negative pole, and 
oxygen at the positive. 

The neutral salts deposit their bases at the negative pol$ 
and their acids at the positive. 

We shall sec afterwards how far these deductions agree 
with*what has been ascertained respecting these decomposi- 
tions by subsequent experimenters. 

of* Davy ** 8 Such was the s * ate our knowledge of the chemical action 

of the Voltaic battery when Davy’s celebrated paper on some 
chemical agencies of electricity appeared in the Philosophical 
Transactions for 1807. Experimenters had been embarrassed 
by the appearance of an acid and an alkali in their experiments, 
even when the purest distilled water was used,*fcnd various 
hypothesis had been started to account*for these appearances. 
Davy showed that these appearance^ were owing to the exist- 
ence of common salt in the sufastancp&iemployed to contain 
the water through which the electricity passed? Thus, when 
he emntoyed^Sfrn agate tube, muriatic acidmnd soda were 
depositia ; but, after the current had been allowed to pass for 
a considerable time, all the common salt in the agate was 
decomposed, and no more acid or alkali were now deposited. 

When animal or vegetable substances were employed to 
complete the communication, they supplied various salts, by 
the decomposition of which, alkaline bodies were collected 
round the negative pole, and acids round the positive. When 
glass was used to hold the water subjected to decomposition, 
jt was corroded, and supplied an alkali in abundance. When 
the water was rendered quite pure by repeated distillations at 
low temperatures, and was put into cups of pure gold, still 
the appearance of an acid and alkali at the two poles was just 
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sensible: the acid was the nitric and the alkali ammonia. Pnwtn. 
Davy succeeded* in demonstrating that the formation of these 
bodies was owing to the combination of the azote of the atmo- 
sphere with the oxygen and hydrogen set at liberty by the 
decomposition of water. 

Having thus accounted for the appearance of the acids 
and bases at the two poles of the Voltaic battery, he showed 
that if the salt to be decomposed was in contact with the 
negative pole of the battery, the base of the salt was accumu- 
lated round that pole, while the acid appeared round the posi- 
tive pole, even though at a considerable distance, and that it 
might even be detected in its passage. He employed three 
glass tubes containing water, and united by filaments of well- 

washed amianthus moistened with distilled water. The two 

• 

extreme tubes contained each some common salt dissolved in 
the water, while in the intermediate tube was placed a solution 
of sulphate of silver. As soon as the circle was completed, 
soda began to appear in the negative tube, and chlorine in 
the positive tube. But the chlorine, in passing through the 
sulphate of silver in the intermediate tube, produced a heavy 
precipitate of chloride of silver, while the soda produced a 
light precipitate of oxide of silver f showing clearly that 
when the elements of the salt decomposed meet in their pas- 
sage bodies with which they form insoluble compounds, these 
compounds are immediately formed, and the elements of the 
salt are thus removed from the action of the battery. 

He showed that the acids and the bases which were thus 
transported by the electric currents were capable of passing 
through solutions of bodies for which they had a strong 
affinity. Solution of sulphate of silver was placed in the 
negative tube, water in the positive, and ammonia in the in- 
termediate tube, and a current of electricity from 150 pairs of 
plates of four inches diameter was made to pass through these . 
tubes. The sulphuric acid was collected round the positive 
pole, and must have therefore traversed the ammonia, for 
which it had a strong affinity. 

From these, and a multitude of other experiments which it 
is needless to state, Davy drew as a conclusion, that a current 
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Part n. of electricity, if sufficiently powerful, is capable of separating 
* * two bodies, however strong the affinity may be which they 
are united together. This it does by bringing each to the 
same kind of electricity, either positive or negative; the 
consequence of which will be that they will repel each other, 
and of course separate. This led him to infer that bodies 
having an affinity for each other, are in two opposite electrical 
states. And he made* many experiments to show that when 
acids and bases are brought into contact, and then separated, 
the acids are always negative, and the bases positive. 

This led him to suggest the well-known theory of chemical 
affinity, that bodies combine merely because they are in oppo- 
site states of electricity, and consequently, that chemical 
affinity is merely a case of electric attraction. This hypothesis 
requires us to admit that the electrical state of the atoms of 
bodies is permanent ; and the subsequent investigations of 
succeeding electricians, especially of Mr Faraday, have given 
much probability to this opinion, which appeared at first sight 
inconsistent with the views of electricians, founded chiefly on 
the Leyden phial, which led to the notion that two bodies in 
different electrical states could not come in contact without 
mutually neutralizing uach other. Indeed, it seems to follow 
from Faraday’s investigations, that every atom of matter is 
surrounded with the same quantity of electricity. 

Davy examined likewise the two different theories respect- 
ing the origin of the energy of the Voltaic battefjf, which at that 
time divided electricians * — 1st. That of Fabroni, who ascribed 
it to the chemical decompositions which go on in the battery 
as long as it possesses any activity. Fabroni’s opinion was 
corroborated by a very ingenious set of experiments of Dr 
Wollaston.* — 2d. That of Volta, who ascribed the whole 
energy of the battery to the electricity developed by the junc- 
tion of the pairs of metals; while the liquid interposed between 
each pair served merely as a vehicle to convey this electricity 
from one pair to another. Davy adopted the latter of the two 
views, and supported it by arguments which do not appear to 


♦ Phil. Trans. 1801, p. 4*27. 
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me to'have jnuch weight ; though I am not sure if I fully un- Part li. 
derstand thrai. At any rate, it would be improper to attempt 
to discuss^thc subject here ; it will come under our review in 
a subsequent chapter. 

The views which Davy detailed in this paper led him to 
expect to make important chemical discoveries, by subjecting 
chemical compounds to the action of a powerful Voltaic 
battery. Nor were his hopes disappointed. In 1808, he decom- 
posed potash and soda, and showed that they were compounds 
nf oxygen and two metals to which he 'gave the names of 
potassium and sodium.* He showed also that lime, barytes, 
strontian, and magnesia, were oxides of inctals, to which he 
gave the names of calcium, barium, strontium, and magnesium.t 

The success of Davy scenic to have stimulated Bonaparte, of The. 
who had shown a great partiality for Voltaic electricity from Gny-Lui- 
the very discovery of the pile by Volta. He offered a prize for 8ac * 
the greatest discovery that should be made in Voltaic electri- 
city, to be decided by the French Institute, and to be open 
for competition to men of science in every nation The prize 
was unanimously voted to Davy- for his great discovery of the 
constituents of the fixed alkalies and earths. He assigned a 
sum of money to be laid out in the construction of a magnificent 
Galvanic battery, which was intrusted to MM. Thenard and 
Gay-Lussac, in order to try whether additional discoveries 
of the same nature with those of Da\ y might not be made. 

It consisted of six hundred pairs of copper and zinc plates, ’ 
each not much less than three feet square. In the year 1811, 
these philosophers published a work in t\vo volumes, entitled 
Recherches Physico-Chimiques , in which they consigned the 
result of their experiments with the great battery, and likewise 
on the preparation and properties of potassium and sodium , on 
the decomposition of boracic acid 9 on fluoric , muriatic , and 
oxymuriatic acid 9 on the chemical actions of light , and on the 
analysis of vegetable and animal bodies . This is one of the 
most valuable contributions ever made to chemistry, and con- 
tained mew views and new experiments, which enabled Davy 
to overturn the received opinions respecting the constitution 
’ * Phil. Trans. 1808, p. I. f Phil. Trans. 1808, p. 333. 
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Dry piles. 


of muriatic acid and chlorine, and thus to constitute a new 
era in chemistry. They constructed both a battery with large 
plates and one with small, investigated with much sagacity the 
causes which affected their energy, and pointed out a method 
of measuring that energy by means of the quantity of water 
decomposed in a given time. 

Though these experiments led to new and important facts 
respecting the mode of action of the battery, they were not so 
fortunate as to make any important chemical discovery by the 
use of either battery. Nor is this to be wondered at, as Davy 
had already, by the munificence of the subscribers to the 
lloyal Institution, been put in possession of a magnificent 
battery of 1200 pairs of zinc and copper plates, each four 
inches square, and had found that the loss of electricity when 
it was in action was so great fiom dissipation, that its powers 
were very little superior to those of the much smaller batteries 
already in use. It was impossil le to walk across the room 
when this immense battery was in action, without being 
stunned by perpetual shocks. 

After the great discoveries of Davy, and of Thenard and 
Gay-Lussac, little, comparatively speaking, remained to be 
reaped by succeeding experimenters: hence, after 1812, the 
zeal of electricians began to cool, and, if we except some 
papers by Davy, and some decompositions, such as that of 
silica, by Berzelius, and of alumina, glueina, and yttria, by 
^Wohler, and of zireonia, by Berzelius, few contributions either 
to electricity or chemistry were made in the way of decompo- 
sition for ten or elo\en years. It may be proper, however, to 
notice the dry piles of Dc Luc and Zamboni, because they are 
not entirely without their use. 

When the common Voltaic pile is used it speedily loses its 
energy by the liquid in which the cards were soaked becoming 
dry. In 1803, Hachette and Desormes replaced this liquid 
by a magma of starch dissolved in water to the thickness of 
stiff jelly, in order to try whether, when thus prepared* the 
pile would not retain its energy longer. In 1809, De Luc 
contrived a pile which apparently was without any liquid. It 
consisted of nlates of zinc and ^aner. gilded on o n e sVe rrV 
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laid above each other, the zinc being in contact with the Part n. 
gilded side%f the paper. The moisture in the paper was 
sufficient to charge the pile, and it continued to act till the 
whole of this moisture was dissipated. In 1812, Zamboni 
made some improvements in Dc Luc's column. lie piled up, 
as De Luc had done, several thousand /iuc plates and discs 
of paper, and pressed them strongly together: om* side of 
the paper was covered by* tin foil and the other by a very 
thin crust of black oxide of manganese, rubied up with a 
mixture of flour and milk The humidity of the p tper, as in 
J)e Luc's pile, was sufficient to maiu+am the circulation of the 
electricity, which, in consequence of the badness, of the paper 
as a conductor, is not so energetic as n ordinary piles. It 
gives sparks to the condense^ but \e mwer can obtain w r ith 
such a pile either chemioj 1 decompositions or the reddening of 
wires, in consequence of the slo\ ness of the circulation of the 
electricity in comparison of its motion in the common Voltaic 
pile. When the humidity of the paper is dissipated, Zamboni's 
pile, like that oi Dc Luc, loses all its action. I have seen a couple 
of them keep a pendulum in motion for more than a month. 

About the year 1820, the science of electricity, pursued 
with so much ardour for several j eai # s i?i consequence of the 
discoveries of Davy, became in a great measure stationary. 

But in the month of July of that year, Professor John Chris- ^CEnSJ 
tian CErsted, of Copenhagen, guided by theoretical views which 
he had published twenty years before, announced that th# 
magnetic needle placed at a little distance from a wire joining 
the two extremities of an active Voltaic battery, w r as affected 
in this manner : — If placed above or below the w r ire, it placed 
itself at right angles to it, the north pole pointing in one 
direction when the needle was above, and in the opposite 
direction when it was below. When placed on the right side 
of the wire it dipped in one direction, and when placed on the 
left side it dipped in the opposite direction, so as always to 
keep itself at right angles to the wire. The direction of the 
north pole is one way or the other, according to the direction 
that the positive electricity moves in the wire.* 

* Annals of Philosophy, xvi. 273, 375. 
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Part li. This important discovery drew the attention of men of 
science, and was followed by as active and as successful a 
series of experiments and discoveries, as followed the invention 
of the Voltaic pile by Volta, or the decomposition of the fixed 
alkalies by Davy. The first person who took the field was 
$ewa of, M. Ampere. In a series of memoirs, the first of which appeared 
Impere. ver y goon a ft cr CR rs ted’s discovery became known to him,* he 
laid the foundation of electro-dy/lamics , a branch of science 
including all the phenomena of electricity in motion. In this 
memoir he reduced the phenomena observed by GErsted to two 
principal facts. He showed that the electro-dynamical force 
exists equally in all parts of the conducting wire, as well as in 
- the pile. To explain why the needle points different ways, 
according as it is placed above the pile or by the side of the 
conducting w ire, he indicated this general law, which determines 
the position of the needle in every particular case: — Suppose the 
electricity to move from the positive pole of the pile to the 
negative pole : suppose a man to make part of the circuit, so 
that the current enters by his feet and passes out by his head, 
the needle will point towards his left hand. 

In this valuable memoir he pointed out the importance of 
rolling the conducting ire into helices or spirals, in order to 
increase the effect. This led afterwards to the formation of 
galvanometers, consisting of magnetic needles poised freely, 
and surrounded by wires, coated with silk thread to prevent 
contact, and twisted into spirals. 

In the same paper he showed that two wires through which 
electrical currents were moving, attracted each otTicr if the 
currents were moving in the same direction, but repelled each 
other if the currents were moving in opposite^! ections. He 
gives his ideas respecting the property of magnets, which he 
refers to electrical currents circulating round molecules on 
planes perpendicular to their axes. He conceives that in tlhe 
terrestrial globe there are electrical currents in planes, per- 
pendicular to that of the dipping needle, and consequently 
moving from east to west& 


* Ann. de Chim. et de Phys. xv. 59, 170. 
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Soon after, he announced to the Academy of Sciences that Tart 1 1. 
the action of the terrestrial globe has a tendency to bring the r ~ 

plane or moveable portion of a conductor of an active Voltaic 
pile into a position perpendicular to the dipping needle. 

In 1822 he reduced the attractions and repulsions of electri- 
cal currents to calculation.* Ilis object was to show that all 
the facts relative to the mutual action of two magnets, a Voltaic 
conductor and a magnet, or two conductors, might be referred 
to a single cause, consisting in a force sometimes attractive, 
sometimes repulsive, between infinitely small portions of what 
he called electric currents, always acting in the direction of 
the line which joins their middle. He admits that the action 
of this force is not a mere function of the distance ; but depends 
also on the angles which determine the respective position of 
two infinitely small portions of the electric currents of the line 
which joins their centres. Ampere concluded from his experi- 
ments, and observations, that electricity and magnetism were 
identical ; or, in other words, that magnets owed their peculiar 
properties to electric currents passing through them. 

M. Arago had observed that the metallic conductor of an 
active Voltaic pile attracts iron filings, and possesses all the 
properties of a magnet, whatever be the metal of which it is 
composed.t He observed that if a copper wire be wound A *P !ral 
spirally round a glass tube, and then made to unite the ‘two municate* 
poles of a galvanic pile, if a steel needle be introduced into mag,ietwra# 
the inside of the tube, it is instantly converted into a magnet." 

If the needle be left too long in the tube, the magnetic pro- 
perties are again weakened or even destroyed. The best way 
is to hold the needle in the hand, and introduce it about half 
way into the tube, and then withdraw it : the magnetic virtue 
will be acquired as completely as if it had been wholly within 
tlie tube. If common electricity be made to pass along the 
spiral conducting wire, the needle is equally converted into a 
magnet. 

M. De la Rive fixed two small plates of zinc and copper 
beside each other, and attached them to a piece of cork. The 

Ann. de Chim. et dc Phys. xx. 398. t Ibid. xv. 93. 
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two plat* were connected together by a brass wire woynd into 
a spiral. When this little apparatus was placed on the surface 
of an acid liquid, the plate being undermost and allowed to 
float at pleasure, it arranged itself into the magnetic meridian 
in consequence of the polarity of the spiral wire. 

Next to the discoveries of Professor CErsted, those of Mr 
Faraday on electro-magnetism* are by far the most important. 
He first observed that the position of the magnetic needle, with 
respect to the conducting wire, greatly modified the effects 
produced. He ascertained that the apparent attraction of the 
needle on one side, and its consequent repulsion on the other, 
did not occur under all circumstances ; but that according as 
the wire was placed nearer to or farther from the pivot of the 
needle, attractions or repulsions were produced on the same 
side of the wire. When the wire is made to approach perpen- 
dicularly towards one pole of the needle, the pole will pass off 
on one side in that direction which the attraction and repul- 
sion at the extreme point of the pole would give ; but if the 
wire be continually made to approach the centre of motion by 
either the one or the other side of the needle, the tendency to 
mAe in the other direction diminishes. It then becomes null, 
and the needle is quite indifferent to the wire ; and ultimately 
the motion is reversed, and the needle powerfully endeavours 
to pass the opposite way. 

From these facts, Mr Faraday concluded that the cpntre of 
magnetic action or the true pole of the needle is not placed at 
its extremity, but in its axis at a little distance from the ex- 
tremity and towards the middle, — that this point has a ten- 
dency to revolve round the wire, and necessarily therefore the 
wire round the point. And as the same effects in the opposite 
direction take place with the other pole, Mr Faraday concluded 
that each pole had the power of acting on the wire by itself, 
and not as any part of the needle or as connected with the 
opposite pole. The attractions and repulsions, he viewed 
merely as exhibitions of the revolving motion in different parts 
of the circle. 

* They will be found in the 12th volume of the Journal of the Royal 
Institution. 
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1 After many unsuccessful attempts, Mr B|raday at 
last succeeded in verifying the existence of this re- 
volving motion by the following ingenious apparatus. 
A small quantity of mercury was put into the bottom 
of the tube A, (see fig. in the margin,) closed below 
with a cork, and a small magnet, ft, was passed 
A through the cork, and mqde to project above the sur- 
face of the mercury. A piece of clean copper wire, 
c, was taken about two inches in length, and amalga- 
mated at both ends. A small loop is formei at one 
end, by which it was suspended from a wire, passing 
through a cork in the upper extremity of the tube, 
and terminating in another loop. This gave the 
copper wire free motion. It was of such a length, that the 
moveable end just dipped into the mercury. The mercury 
was now connected with one of the poles of a galvanic battery 
by means of the magnet, while the wire at the top of the tube 
was connected with the other pole. The moveable copper 
wire immediately began to revolve round the magnetic pole, 
and continued to do so as long as the contact continued. On 
bringing the magnetic pole from the centre of motion to fte 
side of the wire, there was neither attraction nor repulsion ; 
but the wire endeavoured to pass off in a circle, still leaving 
the pole for its centre, and that either on one side or the other, 
according to circumstances. 

All the directions of the motion are reducible to two. When 
a current of electricity passes through the wire, the north pole 
rotates in one direction, and the south pole in the other. Sup- 
pose the extremity of the movedble wire (lipping into the mer- 
cury to be negative, then the motion is in the same direction 
as that of the hands of a watch, if we suppose the watch lying 
with its face corresponding with the surface of the mercury in 
the tube. If the lower point of the moveable wire be positive, 
the revolution takes place in the contrary direction. If the 
wire be made fast, and the magnetic pole be made to revolve 
round, the motion is similar and in the same direction. 

This first simple arrangement was varied exceedingly by 
Mr Faraday and other persons, and a great variety of pieces 
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Part ll. of appai^us contrived to exhibit the revolutions of magnetic 
poles round conducting wires, or rather indeed of conducting 
wires round magnetic poles.* Many curious and amusing 
exhibitions have been the result, though very little has been 
added to Mr Faraday’s original and important discovery. 

We are indebted to Mr Snow Harrist for a set of experi- 
ments on the magnetic enprgy of different metals, by which 
they are made to rotate by the action of a rotatory horse-shoe 
f magnet. The following table exhibits this energy 


Rolled 

•ilver. 

Rolled 

copper. 

Cast 

copper. 

Rolled 

gold. 

Cast 

zinc. 

Cast 

tin. 

Cast 

lead. 





39 

29 

20 

16 

10 

6-9 

1 3-7 

2 

1-3 

i 

0-45 


Mr Barlow has endeavoured to show that the earth receives 
its magnetism from electricity by induction 4 j 

Mr Fox has shown that the intensity of terrestrial maametSth 
varies slightly according to the different seasons of the year.§ 
Mr Faraday, in 1831, ascertained that electee currents are 
produced by magnets. || / 

I ought to have mentioned, that Biot and Savart demon- 
stilted, as early as <i 1820, the law according to which the 
attraction or repulsion of. two electrical currents diminishes 
as the distance increases. They showed that it decreases 
exactly in proportion to the distance.^ 

Mr Faraday had tried whether a magnet might not be made 
to rotate round its axis, but could not succeed. ' Ampere showed 
that the reason was, that in Faraday’s methpd of operating 
the current neither passed in the magnet nor in tire portion of 
the conductor that was solidly attached to it. By rectifying 
the apparatus he caused the magnet to rotate with great 
velocity.** i 

* These, it would not suit the limited views of the author of this very 
short sketch, to describe here. A considerable number of them will be 
seen figured and described in Mr Watkins’ Popular Sketch of Electro- 
magnetism and Electro*dynamvti$ published in 1328. Taylor, London. * 
f Phil. 'Trans. 183U&. 85. t Ibid. p. 99. $ Ibid. p. 199. 

|| Ibid. 1832. p. 16$P^ ■ f Ann. de Chim, et de Phys. xv. 232. 

** Ibid. xxii. 389. 
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Davy made an important experiment to show that^e action Part li. 
ol^agnets on conductors, or of conductors upon other con- 
ductors, was entirely owing to the attractions and repulsions of 
the electric current — the matter of which the magnets or 
' conductors were composed, not contributing any thing to. the 
effect.* When the great battery of the London Institution, 
consisting of 2000 double plates of zinc and copper, was 
charged, and the po}es connected by charcoal, an arc of elec- 
trical light, varying from 1 to 4 inches, was obtained, of such 
intensity that the eye could not support the glare. When a 
magnet was presented to this arc of light, it underwent the 
same action as a moveable metallic conductor would have 


done ; that is to say, it was attracted or repelled according to 
the pole presented, regard being had to the direction of the 
electric current. 


About the year 1824, M. Afrago discovered that when plates Rotation 
of copper and other substances are set in rapid rotation be- ne t “ inag ' 
neath a magnetized needle, they cause it to deviate from its 
direction, and finally drag it along with them. This curious 
fact was repeated and verified by Messrs Herschell and 
Babbage in the year 1825. These gentlemen then moun^d 
a powerful compound horse-shoe magnet* capable of lifting 20 
pounds, in such a manner, as to receive a rapid rotation about 
its axis of symmetry placed vertically, the line joining the 
poles being horizontal and the poles upwards. A circular 
disc of copper, 6 inches in diameter, and 0*85 inch thick, was 
suspended centrally over it by a silk thread without torsion, 
just capable of supporting it. A sheet of paper properly 
stretched was interposed, and no sooner was the magnet set in 
rotation than the copper commenced revolving in the same 
direction, at first slowly, but with a velocity gradually and 
steadily accelerating. The motion of the magnet being re- 
versed, the velocity of the copper was gradually destroyed ; it 
rested for an instant, and then immediately commenced revolv- 
ing in the opposite direction. This alteration of direction 
might be repeated at pleasure. 


* Phil. Trans. 1821, p. 425. 
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Ban f r. The rate of rotation was not diminished by interposing bc- 

tween the copper and the revolving magnet plates of paper, 
glass, wood, copper, tin, zinc, lead, bismuth, or antimony. 
But it was greatly diminished when the substance interposed 
was iron. One sheet of tin plate reduced the rate of rota- 
tion to about £th part, and two sheets almost destroyed it 
altogether. 

When discs of other metals were substituted for copper, 
they were found also capable of being made to rotate, though 
with different degrees of rapidity. The order of the different 
metals, and the intensity of the force of each, that of copper 
being reckoned 1, was as follows: — 


Copper . • . 

Force. 

1 

Zinc • 

0*90 

1 in 

0 47 

Lead . 

. 0-2/5 

Antimony . 

0-1 1 

Bismuth 

0-01 

Wood 

0-00 


When these discs were cut with a pair of scissors in various 
radii, stretching from the circumference nearly to the centre, 
the force was greatly weakened ; but it was nearly restored 
again by soldering these intervals with any metal whatever. 

Silver was found to hold a high rank among the metals, and 
gold a very low one. Mercury lies between antimony and 
bismuth. The only other substance in which any traces of 
magnetism has been perceived* besides the metals, is charcoal 
in that curious state in which it is deposited at a red heat from 
--coal gas, lining the retorts and rendering them gradually 
useless. 

Copper revolving produced no effect upon copper. It was 
always necessary, in order that motion should be produced, 
that one of the bodies should be a magnet. It is obvious from 
this that magnetism is introduced into copper, and the other 
metals simply by induction. Messrs Babbage and Hersch6ll 
have explained in a very ingenious manner, how in consequence 
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of this magnetism hy ihduction, the rotation produced in these Chap, u 
experiments may be explained.* 

These experiments have been repeated, and some interest-* 
ing new facts discovered concerning such rotations by Mr 
Snow Harris.f 

I consider it unnecessary to continue this historical sketch 
any farther. The numerous and important facts respecting 
electro-magnetism which have been ascertained within these 
few years, could hardly be understood without entering into 
details which will come in better in a subsequent chapter of 
this work. But it would be unpardonable not to mention the 
important labours of Faraday, wiirh have thrown so much 
light upon almost every department of electricity, which 
have corrected so many mistakes, ^nd determined so many first 
principles. These have been consigned in fourteen memoirs, 
published successively in the Philosophical Transactions be- 
tween the years 1832 and 1839, both inclusive.^ 


CHAPTER 1. 

GENERAL PRINCIPLES. 

There are some properties of bodies, so essential (so to 
speak) to their existence, that we can scarcely conceive them 
to be wanting without destroying the body altogether. Thus 
gold is extended and possessed of weight . Nor can we conceive 
this metal to exist at all if we were to suppose it to be deprived* 
of extension . There are other properties not so essential to 
the existence of bodies. They may be wanting, or they may 

* Phil. Trans. 1825, p. 467* See also valuable experiments on the 
same subject by Mr Christie, Ibid. p. 497. 

*+ Phil. Trans. 1831, p. 497* 

t Ibid. 1832, pp. 125, 163 ; 1833, pp. 23, 507, 675 ; 1834, pp. 55, 77, 
425 ; 1885, pp. 41, 263 ; 1838, pp. 1, 79, 83, 125. 
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Part 11. be present, without altering the nature of the body in which 
they occasionally reside. Lead is not always fluid ; but it 
may be rendered fluid by heating it sufficiently. Iron does 
not always point to the north , but it may be made to do so by 
communicating magnetism to it, arid. then suspending it, so 
that it is at liberty to turn freely in every direction. Glass 
has not always the property of drawing light bodies to it, and 
then repelling them again. But if we rub it with the dry and 
4 $ warm hand, or still better, if we rub it with a piece of leather 
covered over with an amalgam of zinc and tin, it acquires this 
property. 

Eleetiical 1 . Thus glass, and many other bodies, acquire by friction a 
what. ,t,e * property which they did not possess before — the property of 
alternately attracting and repelling light bodies. Now this is 
the property which is distinguished by the name of electricity. 
It was first observed in amber , to which the Greeks gave the 
name of ijXsxrgog : hence the term electricity . 

2 . If we make the excited tube approach the cheek, we 
have a sensation resembling the application of a cobweb to 
the cheek. 

3. Jf *we make our finger approach within a small distance 
The spark, of the rubbed tube, we hear a snap, and a spark passes between 

the tube and the finger. In the dark, the glass tube appears 
covered with a bluish light. 

When glass or anj other substance has thus acquired the 
property of attracting light bodies, it is said to be excited . 

4. What is the cause of the new properties induced in these 
oodies by friction i W T e are altogether ignorant of it ; though 
a variety of hypothetical explanations have been advanced. 
Some have ascribed the new properties to the agency of a 

peculiar fluid, existing in all bodies, and called the electrical 
fluid; but not sensible till it either accumulates beyond the 
usual quantity, or till it becomes actually deficient. Others 
suppose the existence of two distinct fluids, which they endow 
with certain properties to enable them to explain the electrical 
phenomena. While a third set deny the existence of an elec- 
tric fluid altogether, and consider the attractions and repulsions 
as mere properties induced into matter. Whatever the cause 
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of these new properties may be, we may distinguish it, although Chap, I, 
unknown, by applying to it the term electricity . 

5. Glass, sulphur, sealing-*wax, resins, gums, silk, wool, 
hair, and even paper and wood, if well dried, may be excited 
by friction ; but when we attempt to excite a piece of metal 
by the same process, we find it impossible to succeed. It was 
supposed at first, that metals were incapable of being excited 
by friction, and on this account all substances were divided 

into two classes, namely, electrics and non-electrics — the firsf • E, * ctlics 

. . . . and non- 

COnsisting of those bodies which may be excited by friction, the electrics. 

second of those that cannot. But it was afterwards ascertained, 

that metals do not want the power of being excited by friction; 

but they are unable to retain the electricity after they have 

obtained it. If we place a plate of metal upon a cake of sealing- 

wax or gum lac, and rub it with the fur of a cat, we shall find Excitation. 

upon examining it in the usual way, that<t has become excited. 

Bodies thus supported on electrics , are said to be insulated . insulation. 
Insulation must always be attended to when we wish to induce 
any electricity in metallic bodies. Coulomb has shown that the 
best insulator is gum lac . Glass in order to insulate should be 
varnished ; if not, it does not insulate except in dry weather. 

A silk thread in order to insulate shoifld be of some length. 

Even the friction of fluids upon solid bodies is sufficient to 
excite them. Mercury shaken in the inside of a glass tube 
electrifies the tube. If a wooden vessel containing mercury 
be cemented on the top of a glass receiver, and the receiver 
be exhausted by means of an air-pump, the mercury is driven 
by the atmosphere through the pores of the wood, and falls in 
a shower into the receiver, striking against its sides. The jar 
by this shower of mercury is excited. In like manner, we can 
excite glass by blowing on it with a pair of bellows. Whether 
two gases produce electricity when they rub, against each other, 
as is' the case when two opposite currents of air cross each 
other, has not been determined. But analogy renders the thing 
very probable. In this way probably is induced part of the 
electricity which almost always exists in the atmosphere, and 
which occasions so many important meteorological phenomena. 

6. An excited body attracts and repels light bodies at a 
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v y gart II. distancfe— nor is the effect prevented by interposing a solid 
body. Thus, if we suspend within a glass jar, a small ball , 
composed of the pith of elder, about the tenth part of an inch* 
In diameter, by a fine silk thread, it will be attracted to aft 
excited glass tube placed on the outside of the jar. 

Conductor, 7. The reason why some bodies are easily excited by fric- 
conductors. tion, while others cannot, depends upon the facility with which 
electricity is capable of moving through them. Through the 
^former it moves very slowly or not at all — but through the latter 
it moves with great facility. The former are non-conductors or 
bad conductors of electricity ; the latter are good conductors . 

Metals and charcoal, water and all liquids (oils excepted), 
are good conductors. Melted wax and tallow are good con- 
ductors; but these bodies, while solid, conduct very badly. 
The flame of alcohol and ice are good conductors. 

Glass, resins, gu*s, sealing-wax, silk, sulphur, precious 
stones, oxides, air, and all gases, are non-conductors, or at 
least very bad conductors. 

If a conductor, how long soever it may be, be brought in 
contact (by one extremity) with an excited non-conductor, it 
instantly takes a portion of the electricity from the non-con- 
ductor. Indeed, if the conductor be in communication with 
the earth, the whole accumulated electricity will soon pass 
along the conductor, and be dissiujted in the earth ; so that 
we shall not be able to find any tr Wm of electricity either in 
the non-conductor or conductor. But if the conductor be 
insulated, by suspending it from silk strings, for example, or 
supporting it by cylinders of gum lac, it will become excited 
as well as the non-conductor; and the electricity will pass 
along the whole of it, so that the extremity ig$thest removed 
from the fcxcited electric will exhibit the phenonfena of electri- 
city tc^as great an extent as the extremity nearest the excited 
electric. Suppose an iron or copper rod twenty or thirty feet 
in length to be suspended on silk strings, and that an excited 
glass tube be placed in contact with one extremity of it, the 
other extremity will immediately exhibit all the usual pheno- 
mena of an excited body. But if we substitute a rod of glass 
or sealing-wax in place of the metallic rod, it will not exhibit 
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any sensible electricity at the remote end, even although its Chap. A, 
length should not exceed a few inches. 

If we suspend a small pith ball by a slender metallic wire, 
and touch it with an excited glass tube, we shall find that it 
will not* retain the communicated electricity an instant; but if 
the pith ball be suspended by a silk thread, it will retain the 
electricity communicated to it by an excited glass tube for a 
considerable time, if the day be dry, and the air clear, when 
the trial is made. 

Dry air is a non-conductor, but moist air is a conductor : 
hence the reason that electrical experiments do not succeed in 
rainy or ’foggy weather. We may, however, in general suc- 
ceed in producing electrical phenomena whatever be the state 
of the atmosphere, if we take care to dry all the substances 
which we employ, and keep them dry by bringing them into 
the neighbourhood of a good fire ; or by covering them with 
a thin coating of tallow, which keeps the moisture at such a 
distance that we may charge a Leyden jar, as usual, even in 
a very moist atmosphere. If we use the tallow, we must be- 
ware of such a heat as would melt it, for, becoming a conductor 
by fusion, all electric action would be destroyed. This fire 
has the effect* also, by raising the temperature of the fi^ir, of 
increasing its dryness, and thus preventing it from carrying 
off the electricity so rapidly as it would otherwise do. 

8. Electricity docs not alter the bulk of bodies. The bulk Electricity 

* # does not rj~ 

of a piece of metal is not increased by charging it with elec- ter the balk 
tricity, nor does the bulk of a glass tube, or stick of sealing- ° f bodie8 ‘ 
wax, alter when it is excited, except so far as the friction may 
increase the temperature of the body. 

Neither is the nature of the electricity altered by the tem- 
perature of the body which contains it. An elective spark 
drawn from ice does not feel cold, nor does a spark fe$l hot 
when drawn from red hot iron.* Dufay was of opinion, that 
a spark drawn from a living body was more painful, and com- 
municated a much more burning sensation, than when drawn 
from dead matter. 

9. Electricity moves through conducting bodies with such 
rapidity, that no interval of time whatever can be perceived 
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ELECTRICITY. 

during the transit, how long soever it may be. Dr Watson, 
and several other members of the Royal Society, made an 
electric charge pass through a wire, extending more than two 
miles, or 12,276 feet. One gentleman held a charged Leyden 
jar in one hand, and the extremity of the wire in the other. 
Another gentleman held the other extremity of the wire in 
one hand, and with the other hand brought a short iron rod 
in contact with the knob of the Leyden phial. The conse- 
quence was a discharge of electricity, and both the gentlemen 
received the shock at the same instant of time. So that 
electricity passes over a circuit of two miles instantaneously, 
or at least in an interval of time too short to be noticed.* 
Indeed in one of Dr Watson’s experiments the circuit through 
which the electricity passed was nearly six miles in length, yet 
no sensible interval of time was taken up by it in this long 
extent through which it had to pass. 

Mr Wheatstone repeated Dr Watson’s experiments in a 
different and more refined nanner, and though he did not 
succeed in determining the velocity, he concluded from his 
experiments that electricity moves through conducting bodies 
with a velocity greater than tliat of light, and consequently 
not sjower than 200, 0G0 miles in a second-t * 

10. It has been found that bodies cannot be made to retain 
electricity in the vacuum of an air-pump. The electricity 4 
flics off as fast as it is evolved, so that no substance can be- 
come charged : .hence it is obvious that the presence of dry 
air is necessary to prevent the electricity of excited bodies 
from being dissipated. It is commonly supposed that air pro- 
duces this effect by the pressure which it exerts upon the sur- 
face of the excited body. But it is much more natural to 
ascribe % to the state of electricity which the surrounding 
atmosphere acquires. It has been demonstrated by the experi- 
ments of Mr Canton, and Lord Stanhope, that the air sur- 
rounding an excited body acquires the same kind of electricity * 
with the body itself. The intensity of this electricity of the 
air diminishes inversely, as the square of the distance : hence 

' • Phil. Trans. 1747, p.49; 1748, p. 491. 


f Ibid. 1834,'p. 583. 
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at a small distance from the excited body it becomes insensi- Chap, I. 
ble. Now, as electricities of the same kind repel each other, 
it is obvious that the electricity of the air surrounding an 
excited body will repel the electricity of the excited body; 
and this repulsion being the same on all sides, it must have the 
effect of preventing the electricity of the excited body from 
being dissipated. When this repulsive force is withdrawn 
there is nothing to oppose the repulsive force which the par- 
ticles of electricity exert against each other : hence they must 
be immediately dissipated. 

11. If we suspend two small pith balls, by means of very -Two km* 
slender wires, from a stick of sealing-wax, and rub the wax city, 
with a dry woollen cloth, the t wo balls will repel each other. 

If we suspend another pith hall, by a slender wire from a stick 
of sealing-wax, and rub it also with a dry woollen cloth, this 
pith ball, if brought near the two former, will also be repelled 
by them. If we suspend the pith balls by slender wires from 
dry glass tubes, and rub the tubes with dry woollen cloth,- the 
result will be the same — all the pith balls will repel each 
other. But if we suspend a small pith ball, by a slender wire 
from a glass tube, and another in a similar way from a stick 
of sealing-wax", and make the two balls approach, after having 
rubbed the glass tube and the stick of sealing-wax, the pith 
balls, instead of repelling, will attract each other. 

Hence it is obvious that the electricity excited in glass is 
different from that excited in sealing-wax : since bodies having 
the electricity of glass, attract those having the electricity of 
sealing-wax; while bodies having each, either the electricity 
of glass, or of sealing-wax, repel each other. M. Dufay, the 
discoverer of this most important fact, distinguished these two 
electricities by the names of vitreous and resinous , from the 
two substances in which he first perceived them. Dr Franklin % 
afterwards termed them positive and negative electricities, and Po»itive«ui * 
'these terms have come into general use., negative 

Bodies charged with the same kind of electricity, whether 
positive or negative, repel each other; but bodies charged 
with different electricities attract each other. Bodies charged 
with positive electricity, repel bodies charged with positive 
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Part H. electricity, and attract bodies charged with negative electri- 
city. Bodies charged with negative electricity, repel bodies 
charged with negative electricity, and attract bodies charged 
with positive electricity. 

Friction^ 12. When two substances capable of being excited, are 

electricities, rubbed against each other, both* acquire electricity, but each 
is charged with a different kind. One becomes positively 
electrified, and the other negatively. This law holds univer- 
sally; but what kind of electricity each substance acquires 
depends upon the substance against which it is rubbed. For 
•example, if we rub dry woollen cloth against smooth glass , it 
acquires negative electricity, while the glass becomes positively 
electrified. But if we rub woollen cloth against rough glass , 
it acquires positive electricity, while the glass is charged with 
negative electricity. The following table contains a number 
of electric substances arranged in such a way, that when they 
are rubbed against each other, the substance first in the list 
becomes positively, and the substance below it negatively 
electrified : — 


1 Fur of a cat, 

2 Smooth glass, 

3 Woollen cloth, 

4 Feathers, 

5 Wood, 


6 Paper, 

7 Silk, 

8 Lac, 

9 Sough glass, 
10 Sulphur. 


The fur of a cat acquires positive electricity against what 
substance soever it be rubbed. Sulphur acquires negative 
electricity against whatever substance it be rubbed. Feathers 
acquire negative electricity when rubbed against the fur of a 
cat, smooth glass, or woollen “cloth ; but they acquire positive 
electricity when rubbed against wood, paper, silk, lac, rough 
glass, and sulphur. The same observation applies to every 
substance in the table. It assumes negative electricity when 
rubbed against any substance p hove it in the table, and posi- 
tive electricity when rubbed against any substance below in. 
byhiduc^ 7 13. When an insulated conductor is brought into the 
tion. neighbourhood of an insulated charged conductor, its electri- 
- city undergoes a new arrangement. The end of it next the 
excited conductor assumes a state of electricity opposite to 
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t^at of the excited conductor; while the farther extremity Chap, i. 
assumes the same kind of electricity. Suppose a conductor 
charged with positive electricity: the end of the insulated 
conductor next it becomes negative, and the end farthest off 
positive; and intermediate between these two points, there 
occurs a place where neither positive nor negative electricity 
can be perceived. This place is called the neutral point. 

This is the reason why light bodies are attracted by excited 
electrics. They acquire the opposite electricity, and of course 
are attracted. When they touch the excited electric, they 
acquire the same kind of electricity which it has, and conse- 
quently are repelled. This electricity they speedily lose by 
coming in contact with conductors connected with the earth. 

They are again attracted, again repelled ; and these alternate 
attractions and repulsions continue till the electricity of the 
excited body is dissipated. 

14. Though friction is the usual way of producing electri- Electricity 
city, yet it is evolved in many other ways. # It has been ascer- fusiw^heat, 
tained that when bodies are melted and allowed to congeal P™ Mure » 
again, they frequently become electric. It has been found 
that some bodies become electric by pressure . There are 
several mineral bodies, the most remarkable among which is 
the tourmalin , that acquire marked electric properties when 
their temperature is elevated a certain number of degrees; 
which properties they lose again when they are allowed to 
cool. Few chemical combinations or decompositions take place 
without evolving electricity. Finally, Volta has shown that 
when two metals (supposing both insulated) are placed in 
contact and then separated, l^th give signs of electricity; the 
one being always positively, and the other negatively elec- 
trified. 

JBut the most important of all the methods of evolving 
electricity hitherto discovered, is that by which it te produced 
in the Voltaic pile, a full account of which will be given in a 
subsequent chapter. At first it was considered that Voltaic 
electricity differed in its nature from electricity evolved by 
friction ; but Dr Wollaston, in a set of experiments contrived* 
with much sagacity, showed that both electricities were 
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p y* * * § **. similar, being capable of producihg the same effects. IJe 
proved also that the evolution of both 'electricities wag owing 
to chemical action.* The subject was taken up by Mr 
Faraday in the third series of his Researches on Electricity , and 
he showed, by a copious induction, the identity of electricity 
derived from different sources ; *naraely, Voltaic electricity, 
common electricity, thermo-electricity, and animal electri- 
city, and pointed out at the same time in what the apparent 
differences between them consists.f Mr Faraday showed 
likewise that the same absolute quantity of electricity produces 
the same effect upon a galvanometer, t whatever be its inten- 
sity. He showed also, that the chemical decompositions, (the 
decomposition of water for instance,) like the magnetic force, 
are in direct proportion to the absolute quantity of electricity 
that passes, without regard** to* the tension.§ And these 
results have been confirmed by tlie ‘experiments of Pouillet.|| 


CHAPTER II. 

OF ELECTRICAL apparatus. 


Electrical investigations being conducted by means of the 
electrical machine, it will be requisite before proceeding any 
* farther with an account of the phenomena of their investiga- 
tion, to give a short description of the electrical machines at 
present used by electricians. * 

There are two distinct kinds of electrical machines at pre- 
sent employed; namely, the cylindrical, and the plate machine. 

The cylindrical machine undoubtedly originated frdm the 

* Phil. Trans. 1801, p. 42^. f Ibid, 1833, p. 23. 

J An instrument by which the electricity is indicated and measured by 

the deflection of a magnetic needle. ' It will be described in a subsequent 
chapter. 

§ Phil. Trans. 1833, p. 48. 

H See Becquerel's Traite do l’Electricite et du Magnetism, v. 275. * 
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gla$s globes of Mr Hauksbee. He fitted them upon an axis, Chap. 11 . 
which he^turned round rapidly by means of a winch, and sub- 
jected them to the friction of the hand, or of a woollen cloth* 

After the discovery of the Leyden phial, improvements in this 
simple apparatus wore t successively introduced. Oiled silk 
was found to answer better as a rubber than the hand.* 

Cushions of leather stuffed with hair or wool, and made as 
smooth and e<yial as possible, were found still preferable ; 
anft Mr Canton discovered, in 1762, that if a quantity of 
amalgam of tin, mixed with some whiting, be spread upon the 
cushion, it would excite the globe to a great degree with very 
little friction.* 

It was gradually found that glass cylinders might be sub- 
stituted for the globes with t d vantage ; and these cylinders 
v at last came to be generally substituted for the globes. The 
cylindrical machine at present used in this country, was the 
contrivance of Mr Edward Nairne, a very ingenious philoso- 
phical instrument-maker in London. His first account of it 
appeared in the Philosophical Transactions for 1774; but 
he afterwards added considerably to its simplicity and its 
elegance. 

Nairne’s cylindrical machine conoists # es&entially of a glass Cylindrical 
J J , machine. 

cylinder of any dimensions, supported on- two glass pillars 
upon a mahogany board. This glass cylinder has at one ex- 
tremity a winch, with a handle by means of which it may be 
turned briskly round. On each side of the glass cylinder and 
parallel to it, are two cylinders of tin plate japanned, or of 
polished brass, nearly as long as the glass cylinder, but not 
so .thick, and terminated at eacl^end by a hemispherical sur- 
face, so as to avoid all angles or points, and £o make the whole 
cylinders as smooth and equable as possible. These cylinders 
are supported each by a glass pillar of the same size and height 
as the pillars which support the glass cylinder. These two 
cylinders are called the two prime conductors of the machine. 

To one of them is fixed the cushion, which ^is tQ act as a 
rubber. This cushion consists of leather stuffed with hair, 


* Phil. Trans, vol. lii. p. 461. 
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Part II. * and made by means of a spring to press equably against the 
glass cylinder. To the cushion is attached likewise a flap of 
black silk, which covers the upper part of the glass cylinder, 
and prevents the electricity from being dissipated till it reach 
the conductor on the opposite side.* „This second conductor 
is precisely similar to the first; only instead of a cushion it has 
a number of pointed brass wires attached to its inside, point- 
ing directly to the glass cylinder, and approaching as near it 
as possible, so as not to touch it. The use of these pointed 
wires is to draw the electricity from the glass cylinder, in pro- 
portion as it is evolved, and to conduct it to the conductor to 
which they are attached. Each of these conductors has a cer- 
tain number of holes in its surface, to which wires, electrome- 
ters, &c. may be attached, and into which brass knobs may be 
inserted to regulate the discharge of the electricity. 



The figure in the margin re- 
presents a view of Nairne’s 
cylindrical machine. 

In it a is the glass cylinder, 
and b V the two prime conduc- 
tors. c 9 c are two electrometers 
attached to the two cc^uctors, 
to show that they are m differ- 
ent electrical states, the one to 
which the rubber is attached be- 


ing negative, and the other positive : hence the two electro- 
meters are attracted when the machine is worked. 

The prime conductor to which the cushion is attached be- 
comes charged with negative electricity when the machinp is 
put in motion; wjbile the opposite prime conductor becomes 
charged with positive electricity. That the machine may be 
capably of acting, it is requisite that the prime conductor to 
which the cushion is attached, should be connected with the 
ground by means of a metallic chain suspended from it. 

♦ . 

* This flap is greatly improved when it becomes stained with grease : 
hence an old flap will be always found to act better than a new one. The 
new one becomes immediately as good as the old, if we impregnate it with 
tallow. 
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Plate machines were first brought to a state fii perfection Chap. 11 . 
by Mr Cuthbertson, when he settled in Amsterdam about the putema- 

chine. 



year 1769. The above figure represents his plate machine, 
as it is now in common use. A C D is the mahogany stand 
to which all the different parts of the machine are fixed. C D 
is a square piece of mahogany which forms the basis of the 
machine, about two feet long, one broaJ, and an inch and a half 
thick. To this bottom two upright beams or stiles are fixed, 
which constitute the wooden frame of the machine, g h> one 
of these beams, is a straight wooden stile, glued fast to C. k 
l is the other beam or stile, not glued as the former, but fixed 
by three screws — one at the front to draw it close to C D, 
and two under the bottom, to draw the stile downwards upon 
the bottom, that it may be secure against any motion, nn is 
a cross* piece of wood which forms the top of the frame, screwed 
fast to the two stiles by two brass screws, which pass through 
the cross piece into h A, by which means it can be drawn so 
tight as to secure it against any motion. 

This plate machine has four rubbers, two fixed at the top, 
and two at the bottom of the frame, o is the spring frame at 
the top, which contains the upper pair of rubbers, and is 
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screwed to 4 by a screw, P. q is the spring frame which 
contains the under pair of rubbers, r, r, is prepared silk, 
sewed to each rubber, and seen separate in the next figure. 

# a , f, w 9 is the prime conductor, w , a?, is a solid stick of 
glass, which serves to support, and also to insulate the con- 
ductor. The end w is mounted with brass, which screws* into 
the centre of the lafge ball of the conductor. y 9 y 9 is a round 
plate of mirror glass, fixed upon an axis, one end of which 
turns in a hole in the stile g 9 A, and the other runs through a 
hole in the middle of the stile A, /, and is turned by means of 
a winch, z , which causes the plate to revolve and pass between 
the rubbers fixed at the top and bottom of the frame 

Fig. 1, represents the spring frame I* 

of the, upper cushions on one side, and 
the silk, for the sake of distinction, is 
taken off. 

Fig. 2, represents a singly rubber 
with the silk flap. It is covered with 



leather, and stuffed with slips of woollen 
cloth. Then a piece’ of silk, properly 
prepared, and cut to the shape, is sewed 
fast to the middle of (he rubber. By 
turning the screw oije way it will draw 
the rubbers close, and by turning it the 



other it will loosen them. As it is difficult to get at the 


head of this screw to turn it with the fingers, there are holes 


made at the side of the head of the screw in which the end of 


a wire may be put, by which it may be easily turned. To fix 
the screw frame and rubbers to the machine, open the rubbers 
to about the width of half an inch, then slip them upon the 
plate so that the top comes close under w, w. Then put the 
long screw, P, through the hole in the top of the machine, and 
screw it into the top of the frame of the rubbers, very tight, 
taking particular care that the plane of the rubbers applies to 
tBt plane of the plate. This will hold the rubbers in their pro- 
per place, in, is a wire from which proceeds two or three silk 
cords fastened to the edge of the silk flaps, which serve to 
prevent them adhering to the edge of the plate while turning. 
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The rubbers, q 9 are constructed exactly as those already Chap. 1 1 . 
described, but are fixed differently to the frame of the m&chiu?. 

The jpiece, a 9 b 9 which forms the bottom of the frame 
^ or m &ev ru hber, is cut open from one side quite to 
V " the centre of the piece, and at the bottom of the frame 
of the machine is a piece of brass placed upright with a male 
screw, to which is fitted a nut with a femalegcrew, having holes 
at the edge for the convenience of screwing it tight by means 
of a wire. The two sides with the rubbers, are placed upon 
the bottom of the machine, so that the upright brass pin goes 
into the groove, and is there screwed tight by the female nut. 

a, t 9 w 9 is the prime conductor of the machine. w 9 is a large 
brass ball with a shank about an inch long fitted into the 
cylindric part, so that it may be turned for the purpose of 
placing the hole, which is seen at one side of the ball, in any 
position ,that the experiment may require. This hole is use- 
ful for a variety of purposes. The conductor is supported 
and insulated by the solid glass cylinder, W, x. If required 
at any time to be taken to pieces, the cylinder part of the con- 
ductor must be unscrewed from the large ball, where there is 
a square nut, which being unscrewed, W, x 9 may be taken 
out. One end of the two receiving AVms or tubes, t 9 a , is 
screwed into the large hall by W, one having a left-handed 
screw so that the arm may supported by the shoulder to 
prevent it falling by its* weight. The two cross pieces front- 
ing the plate, with two or three points to, receive the excited 
fluid, are each screwed on to their respective arms, one with a 
right-handed screw, the other with a left-handed one, for the 
same purpose as the screws at the other end of the arms* The 
end, x 9 of the glass cylinder is mounted with a joint, which 
fits into the frame of the machine opposite the hole in which 
the axis moves. 

To give this machine all its energy, the rubbers require to Amalgam, 
be covered with amalgam. This is made by taking equal 
weights of zinc and tin, and melting them in a crucible. Tfce 
melted mixture is poured into twice its weight of mercury in 
a wooden box made for the purpose. The box is to be well 
shaken till the metals are cold. The amalgam is then to be 
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1 reduced in a metal mortar to a wry fine powder, and after- 
wards mixed with a -sufficient quantity of hog’s lard to make 
it into a paste. I believe *the best proportions for making' 
amalgam would be. 

Zinc . . . 8*25 parts 

Tin 7-25 

MeJtury . . 37*5 

Such an amalgam, when kept, is apt to crystallize. But it 
is rendered fit for use by pounding it in a mortar before using 
it. 

When the machine is to be used, the rubbers should be 
taken off and cleaned by scraping off the old amalgam with a 
knife and rubbing the silk with a cloth. The rubbers should 
then be placed in a warm place till they are well dried. New 
amalgam must now be spread on with a knife. It should be 
laid on flat and smooth, and to such a thickness that the sur- 
face of the amalgam is level with the surface of the silk^and 
there should be no openings or separations between the amal- 
gam and the silk. 

Srs? tr<>me * ^ variety of instruments have been invented for detecting 
electricity when it exists. These instruments have received 
the name of electrometers . The simplest of these 
is the pendulum electrometer represented in the 
margin. It consists of a glass road fixed in a sole, 
and bent. at the top so as .taJbrm a hook. From 
this hook hangs a threafl^^lw silk, to the bottom 
of which is fixed a very small ball made of the pith 
of the elder, quite round and weighing only a small 
fraction of a grain. When an excited glass rod or 
any similar bodies brought near this pith ball it is 
immediately attracted, and the stronger the elec- 
tricity the farther will the ball be drawn from the 
perpendicular. 

Another common and very useful ’electrometer is repre* 
sented in the margin. It consists of two pieces of straw, 
f n, a% both smooth and of the same size and length, sus- 
pended parallel to each other, and at a, very small distance < 
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o c from each other by Wo very fine metallic wires betat Chap, n. 
j A g, at the top into hooks, which are attached to two small * 
i holes, 6, 1/ 9 in a small piece of metal terminating above 
in a knob, c. When any excited body is made to 
touch the knob, c, the straws, which are very light 
and hang freely suspended, acquiring the electricity 
a a of the touching body immediately separate from each 
other, and indicate the existence of electricity. And 
the farther they separate it is obvious that the quantity 
In of electricity must be the greater. 

To prevent the agitation of the air and the other accidents 
which would speedily derange or destroy the 
straws, the electrometer is usually enclosed in 
a square glass box as here represented, upon 
one of the faces of which is pasted a circular 
division to mark the degree to which the straws 
separate. The neck and upper part of this 
glasq^box is varnished with gum lac, in order 
that it may insulate the better. 

Instead of straws, slips of gold leaf are employed with ad- 
vantage. * This constitutes what is called Bennet’s gold leaf 
electrometer, which is a very delicate instrument, and capable 
of indicating very minute quantities of electricity. See a 
description, Phil. STrans. 1787, p. 26. 

In these and many other common electrometers which I 
think it needless to describe, the instrument cannot be con- 
sidered as a true measurer of the quantity of electricity, be- 
cause, as the two straws or the two slips of gold leaf separate 
farther and farther from each other, it is evident that gravita- 
tion will act more and more powerfully to bring them back 
again to their naturally vertical position : hence the repulsive 
force of the straws or leaf is not proportional to the distance 
to which they separate from each other. These instruments 
cannot of course be employed to measure the energy of 
electricity. « 

But the electrometer of Coulomb is free from this' defect. 

It is represented in the margin. It consists of a glass vessel 
having a lid also of glass, in £he centre of which a small hole 
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is grilled. Through this hole passe&an untwist- 
ed raw silk thread four inches long, and fixed 
at the top to a micrometer, by means of which 
it may be turned round any number of degrees 
at pleasure. To the silk thread is attached a 
very fine gum lac thread, H, having at each 
extremity a small knob. This lac needle with 
its knobs weighs only £ grain. A small hole is drilled in the 
side of the vessel, at A, through which passes a fine wire ter-^ 
minated at both extremities by a knob. When an excited 
body is placed in contact with the knob at A, the knob at the 
other extremity will acquire the same electricity as the excited 
body. This electricity it will communicate to the knob o£ the 
lac needle suspended by the silk thread which was previously 
almost in contact, and the two knobs will repel each other. 
The moveable knob attached by the silk thread separate 
from the other, and the quantity of electricity will be propor- 
tional to the distance to which it is driven off. ^ 

Coulomb’s electrical balance is au instrument intended to 

i 

measure the quantity of electricity in bodies, and indispensa 7 
ble inaccurate experiments. Fig: 1, (p. 337,) represents this 
instrument as originally constructed by Coulomb. 

A, B, C, D, is a glass cylinder 12 inches in diameter, and 

12 inches in height. On the top of it is placed a glass plate 

1 3 inches in diameter, which entirely covers the glass cylinder. 
This plate is pierced with two holes about 20 lines in diameter. 
One of these is in the middle atj£ on w r hich is elevated a glass 
tube 24 inches in height. This tube is cemented over the 
hole,/; by the common cement used for electrical machines. 
At its upper end, at A, is placed a micrometer of torsion seen 
in detail in figure 2. The upper part (fig. 2,) carries the 
button b 9t the index *, 0, and the pincers of suspension, q. 
This piece enters into the hole G, (fig. 2.) The piece 
in which the hole G is situated, is formed of a circle, divided 
into 360 degrees, and of a copper tube <i>, which enters into tfie 
tube H, soldered to the inside of the upper extremity of the 
glass tube,/; A, (fig. 1). The pincers, q 9 (fig. 2,) have very 
nearly the form of the point of a black lead pencil, and till*, 




two sides may be forced together by means of the ring q . These 
pincers support the extremity of a very fine silver wire. The 
other extremity of this wire is laid hold of at P (fig. 3), by 
the pincers of the cylinder, P, O, of copper or iron; the 
diameter of which does not exceed a line, and the extremity of 
which, P, is slit, forming a pair of pincers which are shut bj 
the ring,$>. The little cylinder swells out, and is pierced at C 
to pass through it the needle, a , g , (figures 1 and 3). The 
weight of this little cylinder must be sufficient to stretch the 
^silver wire without breaking it. The needle, tf, g 9 seen sus- 
pended Horizontally in figure l, about the middle of the largo 

z 




, glass ^ylmdffl inf \yhioh & is contained, is formed |ither of a 
silk thread mg vcfred with sealing-wax*, or of a straw .equally 
covered wijth sealing-wax, * and terminated from g to a , a space 
of 18 lines, by a fine cylinder of gum lac. At the extremity, 
a , of this needle, is a little ball of elder pith from two to three 
lines in diameter. At g is a vertical plane of paper imbibed 
with turpentine, which serves to counterbalance the ball, a 9 
and to retard its oscillations. 

The cover, A, D, is pierced with another hole at aw. By 
this second hole is introduced a small cylinder, aw, t 9 the 
lower part of which, o, t 9 is of gum lac. At tis a ball equally 
of the pith of the elder. Round the glass vessel, at the height 
of the needle, the circle, Z, Q, is described, and divided jjpto 
360 degrees ; or a slip of paper divided into 360 degrees may 
be pasted round the glass at*the height of the needle. 

To use this instrument the cover is so placed that the hole, 
aw, corresponds with the 0° of the circle, Z, O, Q. Then the 
index of the micrometer, o, i, is fixed at the degree, 0°, or the 
first division of the micrometer. The whole micrometer is then 
turned in the tube, / h 9 till, looking by the verticil wire which 
suspends the needle and the centre of the ball, the needle, a 9 g 9 
is found to correspond with the first division of the circle, 
Z, O, Q. Then, by the hole, aw, the other ball, t 9 suspended 
by the thread, aw, O, t 9 is introduced, so that it touches the 
ball, a 9 and that looking by the centre of the thread of suspen- 
sion, and the ball, t 9 we observe the first division, O, of the 
ftrde, Z, O, Q. The balance is now fit for all the different 
operations which it is calculated to perform. 

This very ingenious and important instrument is liable to 
certain mechanical defects, which sometimes render the use of 
it rather difficult. One of the most troublesome of these is 
the swinging of the needle, generally set in motion whenever 
we turn the micrometer, or charge the insulated balls. To 
remedy these defects Mr Snow Harris has contri^l an in- 
genious modification of the torsion balance, a description of 
which, together with many experiments shoeing its utility, 
irill be found in the Philosophical Transactions for 1836, 
p. 417. 
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Many ^ther instruments, nhiefly connected with Voltaic and Ch»p* lit 
magneto-electricity,' have been contrived and in constant 
use. But an account of%hem will be better understood after 
we have described the nature and properties of the Voltaic pile, 
than it would be at present. 


CHAPTER III. 

OF THE RATE AT WHICH CHARGED BODIES LOSE 
THEIR ELECTRICITY. 


For our knowledge of this subject, which constitutes an essen- 
tial preliminary to all other electrical investigations, we are 
indebted to the sagacity of Coulomb. 

It is well known that an electrified conducting body, though 
insulated, soon loses its electricity. This is occasioned by two 
causes. 1. The; air always contains conducting bodies, (the 
particles of vapour for example,) wbich«gradually carry oft 1 the 
electricity by coming in contact with the electrified body, im- 
bibing its electricity, and then flying off. The rapidity of the 
action of these conducting bodies will vary with their number, 

. which is exceedingly different according to the different states 
of the atmosphere. 2. No substance seems to be absolutely 
impervious to electricity ; all seem to allow it to pass, though 
with greater or less rapidity : hence the electricity passes 
slowly off along the substance employed as an insulator. The 
rapidity with which it escapes in this direction, will depend 
upon the nature of the insulating body. Glass has such a 
tendency to condense vapour that it is a very bad insulator, . 
except i&a Very dry atmosphere. It answers better if it be 
covered over with a varnish, which puts an end to the tendency 
of vapour to condense on its surface. Resinous bodies answer 
better as insulators tfian any other, because moisture has but 
4 little tendency to bg. deposited on them from (he atmosphere: 
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Fart if. hence this great Source of the loss of electricity dogs not exist 
in them. Cmilomb found, that when the charge was not great, 
a small cylinder of sealing-wax or*of lac, about ^th of an 
inch in diameter, and from |ths to |ths of an inch in length, 
insulates completely a sphere of elder pith about half an inch in 
^diameter. He found also that when the air was very dry, a 
very fine silk thread passed through boiling sealing-wax in- 
sulates perfectly, if it be 5 or 6 inches long, and the pith ball 
be hoj^ highly charged with electricity.* 

Effector l. Coulomb's first set of ‘experiments were made to deter- 

the air, m . _ . , _ r . . . _ 

carrying off mine the rate at which a body loses its electricity by the contact 
e ec ric ty.^ ^ atmospherical air. He suspended #o a very fine silk thread 
covered with sealing-wax, and terminated by a small cylinder 
of gum lac 18 or 20 lines long, a small sphericle of elder pith 
similar to that on the needle of his electric balance. He in- 
troduced it by the hole in the lid of the balance, and brought 
it in contact with the pith ball on the needle. An insulated 
pin with a large head, was charged with electricity and brought 
in contact with one of the balls, by which an equal quantity 
of electricity was imparted to both. The two balls mutually 
repelled each other and separated to such a distance^ that the 
force of torsion of tile wire of the balance was equal to the 
repulsive force of the balls. Let us suppose the ball of the 
needle driven to the distance of to°. By twisting the sus- 
pending wire, he brought it to a smaller distance, 20° for 
example. Let us suppose that this was produced by twisting 
the thread of suspension 140°. The moment of time when 
the ball corresponds exactly to 20° is marked. As the electri- 
city is dissipated, the balls in a few minutes will begin to 
approach each other. To preserve them always at the same 
distance of 20°, the suspending thread is untwisted, by means 
of the index, 30 degrees, and in consequence of this untwisting, 
the balls separate from each other a little more then 20 degrees. 
The instant that the balls approach each other within 20° is 
marked, and the interval of time which has elapsed between 
the two observations, is accurately noted /lown. Suppose this 


♦ * 


Mem. Paris, 1785, p, 615. 
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interval to be 3 minutes. It is clear that the repulsive torce Chap, hi; 
at the time of the first observation was measure^ by 140 4- 20 
= 160 degrees. Three tainutes after it was measured by 1 10 
+ 20 = 130 degrees; that is to say, it had diminished 30°, 
or at the rate of 10 degrees per minute. As the mean force 
between the two observations is measured by 145 degrees, and 
as it diminishes 30° in 3', or 10° per minute ; the electric 
{force of the two balls diminishes T l ? °y per minute. It was in 
this way that Coulomb formed the following table, represent- 
ing observation s ’ mad^ on the 28th of May, the 29th of May, 
the 22d’lTune, and 2d July. These four days were chosen 
because on them the heat was nearly the same, but there was 
a considerable difference in the degree of moisture existing in 
the atmosphere on each, as indicated by Saussure’s hygro- 
meter : — 
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From the last column of the preceding table, it is Obvious, Cbap. III. 
that when the experiments are made on the samp day, and in 
4he same circumstances, the rate of electricity lost to the total 
force is a constant quantity ; and that this rate varies in pro- 
portion as the hygrometer indicates a variation in the humidity 
of the air : hence it follows, that for the same state of the air 
the loss of electricity is always proportional to the electric 
density. 

It i« obvious, that the ratios in the seventh column of the 
preceding table, refer to the loss of electricity sustained per 
minute a by the two balls. And as the two balls were equal, 
the loss of electricity sustained per minute by one of the balls, 
will be only half the quantity given in this column. The 
mean loss of electricity sustained by the two balls on the 28th 
May, being ^ J it is clear that the loss sustained by one of 
the balls wilPonly be 

We see that the loss of electricity from the contact of air, Depends 

, , , • • i • • • • upon rooia- 

depends upon the moisture contained m it. Wbr it is greatest ture. 
when the hygrometer is highest, and least when the hygro- 
meter is lowest. A more extensive set of experiments is still 
wanting to enable us to determine whether the loss be all 
owing to the moisture present ; and if it be, at what rate \t 


increases with the increase of moisture. 

Coulomb determined experimentally, that the loss of elec- 
tricity per minute is the same, whatever the nature of the 
electrified body may be, and whatever its shape, if it be not 
highly electrified* For in that case, bodies which have sharp 
edges or angles lose their electricity much faster than bodies 
which have no such angles or edges. 

2. To determine the loss of electricity from imperfect in- ® f 
sulation, the natural method would appear to be to employ from im- 
insulating substances, which possess the property of insulating 
very imperfectly ; but when this is done* the electricity goes 
off so fast, that there is not time for measuring by means of 
the balance thtfrate at which the charge diminishes. This 
induced Coulomb to employ a pretty good insulator* The 
pith ball attached to the needle was perfectly insulated as in 
the first set of experiments; but the ball introduced through 
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pitfi ifr^ the liol£ in the balance, instead of being insulated, as in the 

former experiments, by a small cylinder of gum l$p 15 or 18 
lines in length, was supported by a thread of raw silk, such 
as it comes from the cocoon, and fifteen inches long. 

The following table exhibits the results of two sets of 
experiments made,precisely as in the former table, and on the 
same days, as the dates will show, namely, ‘the 28th and 29th 
of j£day. The former table shows the loss of electricity on 
these days from the contact of air : hence, by comparing the 
first table with the second, we can easily determine the quan- 
tity of electricity lost in a given time along the insulating 
substances employed as a support : — 
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From the inspection of this table, it is obvious that the 
diminution of the electricity, which is at first much' more rapid 
than it would have been, had it been produced solely by the 
contact of the air, becomes at last, when the density is 
diminished to a certain point, precisely the same. It is cer- 
tain from this tlyrt a silk thread 15 inches long, becomes a 
perfect insulator, when the reciprocal action of the two balls 
is measured, in the first experiment*of the second table, by a 
torsion of 40°, and below th$t ; for then the loss of electri- 
city is only per minute, the same as it had been observed 
on the same day, from the contact of air alone. In the second 
experiment of the 2d table, the silk thread became a perfect 
insulator when the repulsive action of the two balls was 70°, 
and below ; for then the loss of electricity was only ^ per 
minute, as it had been found the same day from the contact 
of the air alone. 


CHAPTER IV. 

OF THE LAW ACCORDING TO WHICH ELECTRICAL 
ATTRACTIONS AND REPULSIONS VARY. 


This law was first investigated by Coulomb in 1785. By a 
set of experiments with his electrical balance, he showed that 
two small balls charged with the same kind of electricity repel 
each other with a force varying inversely as the square of 
their distances from each other. He demonstrated also by 
experiments conducted with the same apparatus, that two 
balls charged with different kinds of electricity, attract each 
other with forces varying inversely as the squares of their difiP 
tances from each other. 4 

1. The following are the experiments by ‘which Coulomb 
demonstrated the law of electrical repulsion : — 


♦ Mem, Paris, 1788, p. 572. 
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(1.) Having electrified the two balls of the balance by ch *P - iv. 
means of the head of a large pin, the index of the micrometer 
corresponding with 0, ’the ball a of the needle separated from 
the ball t 9 36 degrees. (See fig. 1.) p. 337. 

(2.) Having twisted the suspending wire 126 degrees, the 
two balls approached each other, and remained at 18 degrees’ 
distance. 

(3.) The suspending wire being twisted 5*67 degrees, the 
two balls approached within 8-| degrees of each other. 

The two balls before being electrified touched each other, 
and the centre of the ball, a, attached to the needle, is not 
farther distant from the point where the torsion of the sus- 
pending wire is 0, than half the diameter of the two balls. 

The silver wire which suspended the needle was 28 inches 
long, and it was so fine that its weight was only y^th of a 
grain. And Coulomb demonstrated that, to twist this wire 
360 degrees the force requisite at the point a, with a lever 
a , n of four inches long is only 7 ^th of a grain : hence, as 
the forces of torsion are as the angles of the torsion, the least 
repulsive force between the two balls, separates them sensibly 
from each other. 

In the first experiment, the index of the micrometer being 
at 0, the balls separated 36°. This occasioned a torsion of 
36°=-^— th of a grain. In the second experiment the distance 
of the balls was 18°, but as the micrometer was turned 126°, 
it follows that at the distance of 18° the repulsive force was 
144°. Thus when the distance is reduced to one half, the 
repulsive force is quadrupled. In the third experiment, the 
suspending wire was twisted 567°, and the two balls were 

reduced to the distance of 8 0, D from each other. Here the 
total torsion was 576°, or four times as much as in the second 
experiment ; and there is only half a degree wanting to ren- 
der the distance of the balls in the third experiment, one half 
of 'what it was in the second. Thus it follows from these Varies as 
three experiments, that the repulsive forces exercised upon 57 ’ 
each other, by two balls charged with the same land of elec- 
tricity, are inversely as the squares of the distances. 

• The electricity of the two balls diminishes a little during 
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Part ii. the continuance of the experiments. Coulomb ascertained that 
on the day on which the experiments were made, the electrified 
balls being in consequence of their repulsion 30° distant from 
each other, under an angle of torsion of 50°/ approached each 
other 1° in three minutes. As he took only two minutes. to 
make the three preceding experiments, the error resulting from 
the loss of electricity may be neglected. But when a still 
greater degree of precision is required, or when the day is 
moist, the best way of proceeding is, by a preliminary experi- 
ment to determine the loss of electricity per minute, and then 
to employ this observation to correct the result of the experi- 
ments made on that day. 

The distance of the two balls when they are separated from 
each other by their mutual repulsion, is not accurately mea- 
sured by the angle which they form, but by the chord of the 
arc which joins their centres. The lever at the extremity of 
which the action is exercised, is not measured by half the 
length of the needle, or by the radius ; but by the cosine 
of half the angle formed by the distance of the two balls. 
These two quantities, one of which is smaller plan the arc, 
and diminishes of course the distance measured r by that arc, 
while the other diminishes the lever, compensate each other in 
some respects. When the arcs are small asfn the preceding ex- 
periments, we may take them as giving the distance without sen- 
sible error. In other cases a rigorous calculation must be made. 

2. The balance did not answer so well for determining the 
law of the attractions of bodies charged with different kinds of 
electricity ; because the balls, when brought within a certain 
distance of each other, approach and come into contact, which 
prevented the attracting force at different distances from being 
observed. Coulomb therefore determined the attractive force 
uxm\n\nf m by bringing a small ball charged with electricity, within a 
ei«jtrica? f certa ^ n distance of a sphere excited by the opposite electricity, 
attractions. The attractive force was measured by the number of vibrations 
in a given time, in the same way as the force of gravitation in 
different parts of the earth’s surface, is measured by the number 
of vibrations of a pendulum of a given length. The apparatus 
employed in these experiments was the following : — 
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The needle, /, g , (fig. 1), of gum lac, was suspended by the 
raw silk thread, s , c, seven or eight inches long. At the ex-^ 
tremity, /, was fixed perpendicularly to the needle a small 
circle 8 or 10 lines in diameter, hut very light and formed 
from a sheet of gilt paper. The silk thread is fixed at s 9 to 
the lower extremity of a slip of wood dried in the oven, and 
covered with a coating of lac varnish. This piece of wood is 
fixed by screws at t 9 to a frame which moves along the rod, o, 
E, and which may be stopped at pleasure by means of the 
screw, v. 

G (fig. 2), is a globe of copper or pasteboard, covered by 
tin-foil supported by four pillars of glass coated over with 
ho varnish, and having the upper extremities of each, (that 
the insulation may be more complete) terminating in. a stick of 
sealing-wax three or four inches long. These four pillars are 
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Fart ii. fixed below in a piece of wood which is placed on a small 
table, which may be elevated and lowered at pleasure and fixed 
at the requisite height for the experiment. The rod o E may 
also, by means of the screw E, be fixed at any height required. 

Things being thus prepared, the globe 6, was so placed 
that its horizontal diam ^er G, r, corresponded with the centre 
of the disc /, distant froii it some inches. A spark was given 
to the globe by means of a Leyden bottle, while at the same 
time a conducting body was presented to the disc L The 
consequence of this was evidently that the disc became charged 
with an electricity different from that of the globe G : hence 
when the conductor was withdrawn, the globe and the disc 
mutually attracted each other. 

The globe G, was a foot in diameter, while that>of the disc /, 
was seven lines ; the needle *1 g , was 15 lines long. The silk 
thread s c, was a single fibre, such as is spun by the silk-worm 
8 lines long. When the frame (which slid along o E,) was at 
o, the disc l 9 touched the globe at r, and in proportion as the 
frame was drawn towards E, the disc was withdrawn from the 
centre by quantities given by the divisions 0, 3, 6, 9^2 inches, 
(marked upon the leg o E, but not given in the figure,) the 
globe was electrified positively, and of consequence the disc 
negatively. The result of the experiments was as follows : — 

(1.) The disc /, being 3 inches from the surface of the 
^globe, or 9 nine inches from its centre, gave 15 oscillations 
in 20 /; . 

(2.) The disc being 18 inches from the centre of the globe, 
gave 15 oscillations in 40". 

(3.) The disc being 24 inches from the centre of the globe, 
gave 15 oscillations in CO''. 

Let us see what consequences may be deduced from these, 
three experiments. 

It is well known that when all the points of a spherical sur- 
face act by an attracting or repelling force inversely as the 
square of the distance, on a point placed at some distance from 
that surface, the action is the same as if the whole spherical 
surface was concentrated in the*centre of the sphere.’ , As in 
the preceding experiments, ifab disc /, was ouly 7 lines in 
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liameter, and was never less than 9 inches from the centre of Chap, iv. 
foe sphere, we may without sensible error suppose all the lines 
arhich go from the centre of the sphere to a point of the disc, 

Darallel and equ$l. Consequently the whole action of the disc 
nay, like that of the globe, be considered as united to its 
centre. So that in the small oscillations of the needle, the 
action which makes the needle oscillate will be a constant 
quantity for a given distance, and it will act in the direction 
3 ^, the line which joins the two centres. If we call <p the force, 
md 1 *the time of a certain number of oscillations, we will 


have T, proportional to 


But if d is the distance 6, /, 


frjm the centre of the globe to the centre of the disc, and if 
bhe attracting forces be inversely as the square of the distance 

or as it will follow that T, will be proportional to d 9 or to 

the distance : hence, in the preceding experiments, if the at- 
tractive force varies inversely as the square of the distance, 
the time of the same number of oscillations should be as the 
iistance from the centre of the disc to the centre of the globe. 
Let us compare the experiments with the theory : — 


1st Experiment 
2d do. 

3d do. 


Distances.* 

9 inches . 20" 

18 do. . 40" 

•U do. . 60" 


. The distances are as . 3, 6, 8 

The times as ... 20, 40, 60 

By theory they should be . * 20, 40, 54 

The numbers in the first and second experiments correspond Varies as 
with the theory. When we compare the third with the first, 
the discordancy amounts to y^th. But it is necessary to remark 
that these three experiments occupied about 4 minutes. Upon 
the^day of the experiments, the loss of electricity per minute 
was ^th. Now, Coulomb demonstrated that when the density 
of the electricity is not very great, the electric action of two 
^lectrifiod bodies diminishes in a given time exactly as the 
qlectric density : hence, as the experiments lasted 4', and the 
loss was per minute, the inte»|}ty must have been diminished 
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Pwtii. (independent of distance) about ^th: hence to have the 
corrected time of the 15 oscillations in the last experiments, 
we must say ^ 10 : ^ 9 •. : 60'' : quantity sought = 57". This 
differs by only ^th from the number 60" found by experiment. 

Thus it appears that the electrical attractions as well as 
repulsions vary inversely as the square of the distance. 

The experiments of Coulomb have been repeated and con- 
firmed by Mr Snow Harris.* But in a subsequent set of 
experiments he found that the attractions and repulsions 

sometimes varied as — i- and sometimes as ; and in conse- 

u j d i 

quence he throws some doubts? on the accuracy of Coulomb’s 
experiments ;t but he does not appear to have seen Coulomb’s 
original experiments, but merely the abstract of them given 
by Biot in his Traite de Physique . ' . 

* Lord Stan- The late Earl Stanhope showed by an ingenious set olf 
penments experiments, which he published in. the year 1779, that the\ 
atmo- CtllC densit y of electricity in the electrical atmosphere surround- 
spheres. ing an excited body, diminishes inversely as the square of the- 
distance from the charged body. As this in fact comes to the 
same thing us the demonstration of the rate at which electrical \ 
attractions and repulsions vary, made by Coulomb seven years 
later, or in the year 1785, electricity is really indebted to this 
nobleman for this important discovery. On this account it 
will be proper here to point out the steps by which his Lord- 
ship was led to the conclusion just stated. 

It had been already ascertained by Canton, that an electri- 
fied body communicates its own electricity to all the particles 
of air which come in contact with it. These particles are 
immediately repelled and their place supplied by a new set of 
aerial particles. The consequence of this must be, that the 
air immediately surrounding an excited body must be also ex- 
cited, and must possess the same kind of electricity with, tile 
excited body. ^ * 

It is obvious # that the electrical density of this air must 
diminish according to its distance from the surface of the excited 


* Phil. Trans. 1834, p. 23$,* 


f Ibid. 1836, p. 433. 
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body : hence according to Lord Stanhope, the reason why Chap. IV. 
bodies charged with the same kind of electricity repel each 
other. They must move to those parts of their atmospheres 
where the electricity is least . Bodies excited with different 
kinds of electricity, on the contrary, approach each other, be- 
cause each moves towards the extremity of its electrical 
atmosphere. 

The reason why points part with electricity so easily, is 
that they penetrate into a much less dense electrical atmo- 
sphere : hence the resistance to the escape of electricity is 
small. 

When a body is placed within the electrical atmosphere of 
another, but beyond the striking distance, the end next the 
charged body, assumes an opposite electricity, while the end 
farthest remote assumes the same kind of electricity with the 
excited body, and there will be a neutral point somewhere 
between these two extremities. 



Let P C, be a charged body, and # let A B, be a brass 
cylinder terminating in hemispheres, placed within the electrical 
atmosphere of P C, but so far from it that a spark cannot pass 
from C to A; and let A B, be insulated. Let P C, be^ 
charged with positive electricity. The extremity A, will be 
charged with negative electricity, while the extremity B, will 
be charged with positive electricity. Between A and B, there 
will be a point, D, which is neutral, or which exhibits no 
phenomena either of vitreous or resinous electricity. Now, 
Lord Stanhope showed by numerous experiments, that the 
place of the point, D, varies with the distance of A from C. 
And that it is always a fourth point of an harmonical division 
of th(|. line, BAG, the other three points, C, A, B, being 
given. 

$ It is well known to mathematicians, that three quantities 
are said to be in harmonical ratio, when the first is to the 
third, as the first minus the second is to the second minus the 

£ A 
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Part II. the third. Suppose the line, C B, to be divided in the points, 
A and D, in harmonical proportion, the quantities are as 
follows 

1st. C B. 

2d. C D. 

3d. C A. 

Then we have C B : C A : : C B— C D, (= B D) : C D 
— C A, (=A D). 

' Let A B, = 40 inches, 

A C, = 36, we have 

B C, + A C : A C : B D, + A D : A D, or B A, + 
2AC: AC: : AB AD, or 

40 + 72 : 36 : : 40 : A D. Hence, 

A D = 12f. 

Thus it appears, that when the distance between, C and A 
is 36 inches, and the cylinder, A B, 40 inches, the neutral 
point, D, is situated 12£ inches from the extremity A, and 
26^ inches from the extremity, B. 

The following table exhibits the result of the experiments 
made by Lord Stanhope, A, B, being placed at £ diflFerent dis- 
tances froi* the prime conductor, P C. The length of A B, t 


always 40 inches : — 




Length of A C, 
in inches. 

Length of A D, 
in inches. 


Proportion of 
A D. to A B. 

4 

4 X 40 

48 

H 

1 

12 

"4 

8 

8 X 40 

5} 

2 

1 

OV 


56 

14 

7 

12 

12 x 40 
. 64“ “ 

n 

3 

16 


16 

16 X 40 

72 - 

OO 

iCjCO 

OO, 

— i- 

20 

20 X 40 

80 — 

10 

5 

20 

"4 


24 

28 


2A £ 8 —= mi 

28 X 40 118 

96 “ * 

32 X 40 lo4 

104 “ 1 



32 
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r These results show that the point D, is always such that 
the lines C B, C D, C ^ are in harmonic proportion, the 
points C, A, and B, being given. To obtain them it is neces- 
sary that the air should be dry. Should there be any moisture 
in the atmosphere to carry off the electricity from A B, the 
situation. of D, will no longer be such as to divide the line C 
B, in the harmonic proportion. 

It is obvious enough that the two limits of the point D, are 
the middle of the line A B, and the nearest extremity A. It 
will be in the middle of the line A, B, when the body A B, is 
at an infinite distance from PC. It will be in A, when the 
body A B, touches P C. 

It is clear that the position of D, must be always such, that 
the plane passing through it, will divide the electricity of the 
body A B, into two equal parts, if the density of the electricity 
of the electrical atmosphere diminished inversely as the simple 
distance from the charged body P C. Then the whole of 
the electricity of this atmosphere round A B, would be repre- 
sented by the hyperbolical area (see frontispiece) A N Q B, 
contained between the equilateral hyperbola N R Q, the 
asymptote A B, from the centre C, and the ordinates A N, 
and B Q. And if the electrical atmosphere had its electricity 
diminished according to that law, the point D, would be found 
by taking the ordinate D R, a mean proportional between A 
N, and B Q. But if the electricity of the electric atmosphere 
diminishes inversely as the squares of the distance from P C, 
then this electricity round A B, will be represented by the 
hyperbolical solid n N Q q> formed by the revolutions of the 
hyperbolical space A N Z W, round the asymptote C W. 
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Length of A C, Length of A D, 
in inches. in inches. 


36 


40 


44 


48 


36 X 40, 
112 

40 X 40_ 
120 = 
44 X 40 _ 
128 ~ 
48 X 40 


12 £ 

13 * 


136 


= A ^IT 


» or- 
28 


Proportion of * 
Z p AD, to" A B. 

1 

H 

10 1 

——or 

30 3 

.11 1 

or 

32 2 }$ 

12 1 

or 

34 2 * 
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Part n. This space is bounded by the portion of the equilateral hy- 
perbola intercepted between the ordinates A N, B Q. It is 
a known property of this hyperbolical solid n N, Z z, that the 
area of any perpendicular section represented by n A N, will 
be to the area of any other perpendicular section, r D R, q B 
Q, inversely as the squares of their respective distances, (A 
C, C D, C B,) from the centre C of the hyperbola : hence 
the quantity of electricity superinduced upon the curved sur- 
face of the insulated cylindrical body A B, at the distances C 

A, C D, C B, from the charged body P C, will be exactly 
proportional to the areas of the circular sections represented 
by n A N, r D R, q B Q, &c. &ow, to find the position of 
the point D, we have to find the point in the asymptote C W, 
through which a plane rDR, being passed, will divide the 
hyperbolic solid n N Q <7, into two equal parts. That plane 
will obviously determine the position of D. 

Now, to divide]the hyperbolical solid into two equal halves, 
we have only to take D R, an arithmetical^ mean between the 
two ordinates, A N, B Q ; or the point, D, is such that the 
ordinate, D R, is equal to half the suijpof the two ordinates, 
A N, B Q. Or which is the same thing, (from the nature of 
the hyperbola), we must take the liyberbolical abscisse, C D, 
a mean harmonical proportion between the two abscisses, C 

B, and C A. That is, we must take the point, D, so that 
the whole line, C B, is to its extreme part, C A, as the other 
extreme part, B D, is to the middle part, D A. For it is a 
well known proposition, that the reciprocals of quantities 
which are in arithmetical progression, will be in harmonical 
progression. 

That the plane, R D r, will divide the solid n N Q ; 
into two equal parts may be demonstrated in the following 
manner: — 

Let p denote the ratio of the circumference of a circle to 
its diameter, or (which is the same thing) the ratio of the area 
of a circle, to the square of its radius. 

Then the cylinder, v V N n, (whose height is A C, and 
the radius of whose base is N A,) will evidently be equal to 
jdxNAx N A x AC. 
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The cylinder x X R> will be equal to p x R D X R D 'Chap. iv. 

x cd. 

’ And the cylinder y Y Q q=p x QBXQBXCB. 

Now, from the. nature of the hyperbola, every rectangle 
under any abscisse, and its correspondent ordinate will be a 
given quantity, which we shall call c c. Therefore, 

N Ax AC = RDxDC=QBxBC = c<-. 

And the cylinders V N n = p Xcc X N A. 

xXRr —p Xc. c X RD. 
yYQ, y = X c c X Q B. 

Therefore, (dividing by the common quantity, p X c c) the 
cylinders v V N n, x X R r, y Y Q q, are exactly in the same 
ratio to each other, as the ordipates N A, R D, and Q B, 
respectively. 

Now, R D is an arithmetical mean between A N and B Q, 
therefore the cylinder x X R r, is an arithmetical mean be- 
tween the cylinders v V N n and y Y Q q. That is to say, 
r V N»-j X Rr = x X R r — y Y Q ? . 

But it has been demonstrated that every infinite acute hy- 
perbolic solid, is equal to the cylinder whose base is the same 
with that of the solid, and whose height is equal to the dis- 
tance between that base and the centre of the hyperbola. 
Therefore, 

#VN»= infinite acute hyperbolic solid n N Z z. 

x X R r zz r.ll Z z. 

yYQjfrsgrQZ*. 

Consequently, 

v V N » — x X R»*=: nNZ z — j 1 It Z s rs n N R r andx X R r — 
y Y Q qsz r R Z z — q Q Z z ss r R Q q. 

Hence it follows that nNRmrRQy. 

Thus it follows evidently from the experiments of Lord 
Stanhope, that the density of the electricity of electrical at- 
mospheres diminishes inversely as the square of the distance 
front the excited body. 
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CHAPTER V. 


OF THE DISTRIBUTION OF ELECTRICITY ON BODIES. 


Coulomb demonstrated that it is a consequence of the law, 
that the particles of electricity repel each other inversely as 
the square of their distance, that the electricity when accumu- 
lated in a conducting body is distributed totally on the surface 
of the body, and that none of it exists in the interior of the 
body.* He showed likewise the truth of this law experi- 
mentally. 

Coulomb's The electrometer which he employed for that purpose was 

ter. exceedingly delicate. It was made in the following manner. 

A thread of gum lac was drawn at the flame of a candle about 
the thickness of a stout hair, and from ten to twelve lines in 
length. One of its extremities was attached to the thick end 
of a small pin deprived of the head. This pin was suspended 
by a thread of raw silk, such as it is spun by the silk worm. 
To the other extremity of the # gum lac thread was fixed a 
circle* of tinsel, about two lines in diameter. The whole ^of 
this electrometer was suspended in a glass cylinder to prevent 
it from being affected by currents of air. Its sensibility w#s 
such that a force amounting only to the rSooth part of a graiil?, 
made it move more than 90 degrees. i 

To this electrometer a small degree of the same electricity 
was given as that of the body to be tried. The substanc^ 
subjected to the experiment was a cylinder of solid wood, four 
inches in diameter, pierce^, by several holes of four lines in 
diameter, and four lines ij|j!pth. This cylinder was placed 
upon a non-conductor, and several electric sparks were given 
to it either by means of a Leyden phial, or the plate of an 
electrophorus. At the extremity of a small cylinder of gum 


Mem. Paris, 1786, p. 75. 
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Ic of a line in diameter, was insulated a small circle of gilt Chap, v. 
gaper of a line and a half in diameter. 

I This little circle of gilt paper was made to touch the surface Electricity 

' . . , i. i t i ii to 

)f the excited wooden cylinder. It was then presented to the the surface 
dectrometer, previously excited slightly with the same kind of ° ie8 ‘ 
i electricity as the wooden cylinder. The electrometer was for- 
I cibly repelled. It was then introduced into one of the holes in 
we wooden cylinder and brought in contact with the bottom, 
taUag care not to touch the sides of the hole, nor the surface of 
the cylinder of wood. When presented to the electrometer, it 
either gave no signs of possessing any electricity, or gave feeble 
symptoms of containing an electricity different from that of the 
cylinder of wood. The reason of this opposite electricity, which 
was only occasionally observed, was, that when the little cylinder 
of gum lac is introduced into the hole, the electrical action of 
the surface of the excited body communicates to the gum lac, 
a small quantity of an electricity different from its own, be- 
cause this small thread of gum lac is insulated within the 
sphere of its activity. The proof that this explanation is satis- 
factory, is, that if we touch the gilt paper circle we do not 
destroy the small quantity of electricity which it possesses, 
showing that this electricity must bo lodged in the lac, and 
not in the gilt paper.* 

■ We may take a hollow sphere of metal, having in it a hole 
of a few lines in diameter, place it upon a non-conductor, and 
communicate electricity to it by means ^f an electrical machine. 

When the sphere is thus excited, we may introduce into its 
interior a small metallic globule attached to the extremity of 
a gum lac thread. Upon withdrawing this metallic globule, 
and presenting it to an electrometer we shall find that it has 
no electricity whatever, or that it has (occasionally for the 
reason already explained) a feeble electricity of the opposite 
nature from that of the metallic Sphere. 

Thus it appears that the quantity of electricity accumulated 
in a body, depends not upon the quantity of matter in the 
body, but upon the extent of its surface; and that hollow bodies, 


* Mem. Paris, 1766, p. 72. 
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.Part ir. however thin, may be charged with just as much electricity 
as bodies of the same surface, and qutie filled with matter. 
Advantage is taken of this important fact in constructing the 
prime conductors of electrical machines, which are always made 
hollow and thin for the sake of lightness, 
mental*" There is a curious enough experiment, which serves to show 
proof of that electricity is confined to the surface of bodies, and which 
*' therefore may be mentioned here. Let M N, be an insulated v 
conductor, moveable on an axis. 

Let a metallic ribbon be rolled 
on this cylinder to the extremity 
of which is attached a silk 
thread D. To this conductor 
let a sensible electrometer be 
attached, composedof two metal 
or linen threads, to the extremities of whiclf two pith ball 
sphericles are attached. When electricity is communicatedL 
to this conductor, the pith balls immediately repel each ot]|p. 
Unroll the ribbon by pulling the silk thread D ; in proporofth 
as the ribbon is unrolled, the pith balls approach, and if the 
weather be dry, all signs of electricity disappear when the 
ribbon is unrolled ; and the balls begin anew to separate, when 
the ribbon is again rolled on, and diverge as far as ever when 
matters are restored to their original state. 

Electricity, then, is all deposited on the surface of bodies, 
and the only obstacle to its leaving that surface and being in- 
stantly dissipatedf is the pressure of the atmosphere.* 

Electricity Coulomb proved by very simple but convincing experiments, 
ai to the that electricity deposites itself on bodies according to their 
surface, that it has no affinity or attraction for one body more 

* Strictly speaking there is another obstacle. It is the difficulty with 
which electricity passes along certain bodies. This seems to be owiri$f to 
something like an adhesion between the surface of the body and the fluid. 
This view of the subject is strengthened by the well known fact, that the 
conducting power diminishes with the intensity of the electricity. This 
adhesion must to a certain extent be similar to attraction, and it is proba* 
bly the great cause of the attractions and repulsions between excited 
bodies. 
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than another ; but that if two bodies having the same surface Chap, v.* 
be placed in contact, ^whatever their nature may be, they will 
divide the electricity equally between them. With this dis- 
tinction, depending upon the unknown cause why some bodies 
are good and some bad conductors, that if a good conductor 
touch /an excited body of the same surface, it will instantly take 
possession of one-half of its surplus electricity, whereas a bad 
conductor requires to be left a little while in contact with the 
excited body, to be able to assume its proper quantity.* 

When the excited body is a sphere, the thickness of the 
electric coating ought, from reasons oftsymmetry, to be every- 
where equal. And this conclusion is conformable to experi- 
ment. 

When additional quantities of electricity are accumulated 
upon the surface of a sphere^it comes to the same thing, as far 
as the experimental investigation is concerned, whether the 
thickness of the coating of electricity be increased, or whether, 
the thickness remaining the same, the density of the electri- 
city augments on each point of the surface. The first sup- 
position is more conformable to our notions of a fluid than the 
second. 

Coulomb made a set of experiments, \o determine the way 
in which electricity is distributed on the surface of bodies of 
various shapes-t His method was to apply a small gilt paper 
disc insulated on a thread of gum lac, to different parts of 
the excited body in succession, and to measure, by means of 
his balance, the quantity of electricity with which it became 
charged. He proved by a set of experiments equally simple 
and decisive, that the quantity of electricity with which the 
disc became charged, was sensibly the same with that of the 
point of the surface of the excited body with which it had been 
placed in contact, and that when the electricity of an excited 
* 

* Mem. Paris, 1786, p. 69. 

f The best account of these experiments which I have seen, is given by 
Biot in his Trait6 de Physique, ii. 263. Biot seems to have derived his in- 
formation from Coulomb’s manuscripts. For I am not aware that they 
weire ever published by their author, owing doubtless to the state of 
France at the beginning of the Revolution. 
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body, is either augmented or diminished, the variations on 
every part of the surface are proportional to the quantity of 
electricity already present. Thus, if on one part of a surface 
the electricity be twice as great as upon another part, if we 
double the charge or reduce the charge to one-half, the first 
part of the surface will receive twice as much, or part with 
twice as much as the other part. 

Coulomb showed also, that the quantity of electricity with 
which the gilt pape» disc becomes charged, is sensibly the same 
with that of the body which it is made to touch, and that when 
two bodies are brought* into contact, the electricity contained 
in them is sensibly divided in proportion to the surface of each. 
He insulated a globe of 8 inches diameter, and charged it with 
positive electricity, as he did also the moveable* ball of the 
balance. He then touched this globe with another whose 
diameter was only 1 inch ; and applied this Iiltle globe to his 
balance. A torsion of 144° was necessary to balance the re- 
pulsive force at a fixed distance. He next touched the surface 
of the large globe in a tangent direction with a circular plane, 
isolated, and having a diameter of 16 inches. Having removed 
this plane, he repeated the experiment with a small globe. A 
torsion of 47° was now sufficient to balance the repulsive force. 

To understand the consequences to be drawn from this ex- 
periment, we must recollect that the surface of the great globe 
was equal to that of 4 great circles, each 8 inches in diameter : 
each face of the circular plane of 16 inches diameter, was 
equal to 4 circles of 8 inches in diameter, and as the plane has 
two faces, its surface was exactly double that of the sphere. 
The electricity in the great globe before it was touched by 
the plane may be represented by 144, and after it was touched 
by it by 47 : hence, the electricity carried off by the plane, 
was obviously 144 — 47 = 97. So that the plane carried off 
97* while the globe retained 47. But 97 is very nearly double 
47. Thus we see that the electricity was divided between 
these two bodies in proportion to their surfaces. 

In determining the quantity of electricity on different parts 
of the surface of a body, we must take care that the gum 
lac, to which the gilt paper disc is attached, be not a conductor ; 
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because in that case, electricity would accumulate in it, and C hap, v. 
vitiate all the results. In general, the lac which has the V 
darkest colour is the best for the purpose. But the threads 
ought to be examined by bringing them near a charged con- 
ductor, and then presenting them at an electrometer. All 
those which exhibit any symptoms of electricity, ought to be 
rejected. 

Coulomb determined the distribution of electricity upon a Distnba- ' 
steel plate, 1 1 inches long, 1 inch broad, and half a line thick, steel plate. 
It was insulated and charged with electricity. To be able to 
touch it over all its breadth, the gilt paper disc was made an 
inch long^ and three lines broad. He first applied the disc to 

I — i ’ ■ [•- c ~~[i t the centre of the plate, at C, 

c then at 1 inch from its extremity, 

and he obtainejJ the following results : — 



Torsions 

observed. 

Mean torsions^ 
in the middle. 

Ditto 1 inch 
from end. 

Ratio. 

Touched in the middle, 
At 1 inch from end, 

In the middle, 

At 1 inch from end, 

In the middle, 

370° 
440 
350 
395 
320 * 

360 Q 

350 

335 

• 

440° 

417-5 

395 

Mean 

1-22 

1*20 

1-18 

MO 


That is to say, if the electricity at the centre of the plate be 
represented by 1, that at an inch from the end will be repre- 
sented by 1*2. So that they are nearly equal. 

The experiment was repeated with this difference, that the 
gilt paper disc was applied to the very end of the plate, but 
still entirely on the surface of it. The results were as follows : 



Torsions 

observed. 

Mean torsions 
in the middle. 

Ditto at the 
end. 

Ratio. 

Touched at the end, 

In the middle, 

400° 

195 

195° 

395° 

2-02 

At the end, 

390 

190 

390 

2*05 

In the middle, 

185 

185 

370 

2-00 

At the end, 

350 


Mean 

2-02 
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II. That is to say, if the quantity of electricity in the middle t 
” IT the plate be 1, that at the extremity will be 2*02, or ver 
nearly double. 

The experiment was repeated a third time, but the dk 
instead of being applied at the extremity of the plate, m 
applied to the edge D, so as to be equally in contact with hot 
faces. The result was as follows : — 



.Torsions 

observed. 

Mean torsions 
in the middle. 

Mean torsions 
on the edge. 

Ratio. 

Touched in the middle, 
On the edge, 

In the middle, 

On the edge, 

305° 

1175 

285 

1137 

295° 

285 

1175° 

1156 

3- 98 

4- 05 




Mean 

4-01 


That is to say, if the electricity in the middle be l, that at Jb. 
edge is 4*01, or four times as great. So that it contains me 
accumulated electricity of the extremities of each side of thi 
plate. 

These experiments were repeated with a plate of steel, twice 
as long as the preceding, but agreeing with it in all its other 
dimensions. The result was exactly the same. 

It is obvious from these experiments, that when the gilt 
paper disc is applied to one of the sides of the steel plate, it 
only imbibes the electricity of that side, and not of the other. 
We see too that the electricity is almost uniformly diffused 
upon the surface of the plate; since the increase does not 
become sensible till we approach within an inch of the end, 
and that the length or shortness of the plate has no effect upon 
this distribution. 

Dfetribu- The rapid augmentation of electricity towards the extremi- 

tion on a . . .. , T i 1 „ 

cylinder, ties of plates, is not peculiar to them. It takes place equally 
in all long prismatic or cylindrical bodies. And the smaller 
the diameter of these bodies is in proportion to their length, 
the more rapid is their augmentation. Coulomb insulated a 
■ cylinder of 2 inches in diameter, and 30 inches in length, 
terminated by two hemispheres. By experiments similar to 
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those just stated, he found the ratios of electricity on different Chap. v. 
jparts of this cylinder as follows : — ~ 


At the centre . 

• 

1 

At 2 inches from end 

, 

1-25 

At 1 inch from end • 

. 

1-80 

At the centre of the end . 

. 

2-30 


When the cylinder becomes smaller as we approach the ex- 
tremity, the increase of electricity becomes still more rapid. 

And when the extremity becomes elongated like the point of a 
cone, the accumulation at that extremity becomes so great, 
that the resistance of the air is not sufficient to retain it, and 
it escapes, producing sparks of light which are visible in the 
dark. 

In these bodies the uniform distribution of electricity extends 
to within a very small distance of the extremity. It is clear 
that such bodies ought to lose their charge of electricity with 
great rapidity, as is known from experiment to be the case. 

Coulomb made analogous experiments on circular plates. 

The following table shows the result of one of these trials : — cuiar plates. 


► 


Distance from the edge. Electricity observed. 


5 inches (centre of plate) 

i 

4 . . . . . ! 

1-001 

3 

1-005 

2 • • • . • • 

1-17 

1 

1-52 

05 

2-07 

0 

2-90 


If we represent the distances from the edge by x, and the elec- 
trical intensities by y, Biot has shown that the relations of these 
to each other may be represented by the following empirical 
formula : — 


yz r 1 + AGa*-V’-*) 

r being the radius of the plate, and A and ^ two constants to 
be determined from obserration. We obtain A by making 
x o, and substituting for y, the value found, as in the table. 
We have, 

2-9 ss 1 + A (1 — >* *) 
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Part il. If we take 1 inch for the unity of length, 2 r will be equal 
to 10. Now, as fi is very nearly 0*3, its tenth power is so 
small a quantity that it may be neglected. We have 2*9 = l 
+ A, and A= 1*9. 

To determine p let us make x = 1, and substitute for y its 
value 1*52. In this case fi 2r ~* & quantity too small 
sensible. We have, therefore, 

1*52= 1 + 1-9/4 or 


But the calculation agrees better with experiment, if we 
f* = 0*3. • 

Why ele£> This subject attracted the attention of M. Poissc 
diwipated applied to it all the resources of the most refined calcul 
by points. ~.; ne d the thickness of the coating of electricit 

bodies of different forms from the hypothesis that positi 
negative electricity are two fluids, the particles of each of } 
repel each other with forces varying inversely as the s 
of the distance ; while the vitreous electricity attracts i 
sinous with forces varying according to the sam^Jaw.* 
showed that the exterior surface of the electrical ' 


cides with that of the body, and that as the coating 
the interior surface is but little distant from it. 
both the exterior and interior surfaces are spherF 
centre of these surfaces is the same with that of thV 


the body. 

In an ellipsoid the thickn^ the coating at the ex \ 
ties of the two axes is proportional to the relative lengt! 
the axes. 

The electric coating acts by attraction and repulsion oi[ 
particles of electricity, situated beyond the surface of the bo 
or on the surface of the body itself. It attracts them if o i 
different nature, and repels them if of the same nature. Ti * | 
repulsion is exercised against the particles of the air, which ^ 
repels the electricity in its turn, and keeps it in its place. 
The repulsion exercised by the electrical cr .ting is as the 


* See Mem. de I’lnstitut, 181 
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square of its thickness. It is therefore variable at different Cha P- v » 
points of the body, unless that body be spherical. And as it 
increases as the square of the thickness, and as this thickness 
is proportional to the excess of the diameter of the body in one 
direction above that in another, it may easily overcome the 
pressure of the atmosphere, and thus enable the electricity to 
make its escape : hence the reason of the effect of points in 
discharging bodies charged with electricity. M. Poisson has 
shown that the repulsive force of the electricity at the summit 
of a cone, if it could accumulate on it, would be infinite. 

When several excited bodies are placed in the # neighbour- 
hood of each other, they produce certain effects upon the state died bodies 
of the electricity in each. These effects have been also sub- 
jected to calculation by M. Poisson. His analytical investiga- 
tions were founded upon the following general principle which 
he first announced : — 

“ When several excited bodies are brought into the neigh- 
bourhood of each other, and arrive at a permanent electrical 
state, it is necessary that the resultants of the actions of the 
electrical coatings which cover them upon any point in the 
interior of any one of these bodies, should be nothing. For 
if this was not the case, the combined electricity in the point 
under consideration would be decomposed, and the electrical 
state would change, contrary to the hypothesis of its perman- 
ence.” 

This principle furnishes at once as many equations as there 
are bodies under consideration, and as the problem presents 
of unknown quantities. But the solution of these equations 
frequently surpasses the present state of analytical investiga- 
tion. But M. Poisson has succeeded in overcoming all the 
analytical difficulties in the case of two spheres, placed in con- 
tact, or in tjxe neighbourhood of each other, and charged each 
with any quantity of electricity. 

When the two spheres are equal, and in contact, and charged 
with electricity, whether positive or negative, calculation shows 
that there is no free electricity at the point of contact of the 
two spheres. From that point the coating of electricity aug- 
ments in thickness as its distance increases from the point of 
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Part n «.. contact, and it always attains its maximum at 180° of distance, 
or at the other end of the diameter that passes through the 
point of contact of the two spheres. The rate at which the 
thickness of the c oating increases depends upon the relative 
lengths of the diameters of the two spheres. 

Experiments on this subject were made by Coulomb in the 
way already described in the former part of this chapter. 
These experiments were compared by Poisson with the results 
of his calculations, and found to accord with them very closely. 
The following table shows the relative thickness of thfe coat- 
ing of electricity upon two equal globes at different distances 
from the point of contact, as determined experimentally by 
Coulomb, and by calculation by Poisson : — 

Distribu- 
tion of elec- 
tricity on 
two equal 
globes. 



^Thickness of coating of electricity as 
determined by 

Coulomb. Poisson. 

Point of contact 
20° 

30 

60 

90 

180 

0 

Insensible 

0-2083 

0- 7994 

1- 0000 
| 1-0576 

0 

Insensible 

0-1707 

0- 7452 
10000 

1- 1400 


The following table exhibits the results of experiment and 
calculation with two unequal spheres, the diameters of which 
were to each other as 1 to 2. The observations apply to the 
smaller sphere : — 


On two 
unequal 
globes. 


Position of the 

Proportional thickness of coating. ? 

points compared. 

Coulomb. 

Poisson. 

30° 

Insensible 

Insensible 

60 

0-5882 

0-5563 

90 

1-0000 

1-0000 

180 

1-3333 

1*3535 


We see that in this case the thickness of the coating in the 
smaller sphere (though insensible to 30°) varies more than 
when the two spheres are equal. For at 60° and 180° the 
thicknesses are to each other as 0*5882 to 1*3333, or as 1 to 
# ; while in the other case they arc to each other as 0*7994 

to 1*0576, or as 1 to 1|. By a sort of compensation the 
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greater of the two spheres experiences less variation than -in Chap, v, 
the case of equality. For the thfekness of the coating, insensible 
at 6° or 7°, increases so rapidly that at 30° it is £ths of what 
it is at 90° ; and from 90° to 108° the variation is insensible. 

Coulomb compared the absolute thickness of the electrical 
coating on the two globes at 90° from the point of contact. 

In the smaller globe he found it 1*25, in the larger 1. Poisson 
obtained by calculation 1*238 and 1. 

WJien two globes of different sizes (one charged with elec- 
tricity^ are brought in contact and then separated, the smaller 
one of the globes is, compared to the other, the smaller is the 
quantity of electricity which it carries off. But this proportion 
is very far from being that of the surfaces ; for then the 
coatings of electricity would be of equal thickness in both, 
whereas it is always thickest in the smaller globe, and the 
thickness increases as the size of the globe diminishes. But 
from the slowness of the increase in Coulomb’s experiments, 
there is reason to believe that it does not go on indefinitely. 

When the two unequal spheres after being separated from When the 
each other, are placed at a certain distance from each other, conucrare 
a very curious phenomenon is observable in the smaller sphere. 8e r arated * 
To explain it intelligibly, let us suppose the electricity of the 
two spheres to be positive. We have seen that this electricity 
is null at the point of contact. But the instant we separate 
the two spheres, the electricity at the point of contact of the 
smaller sphere becomes negative. This state diminishes in 
proportion as the smaller globe is carried to a greater distance 
from the large globe, and at a certain distance, depending on 
the ratio between the diameters of the two globes, it totally 
disappears. Then the point of contact of the smaller globe 
becomes in the same state as when actually in contact. From 
this position, if we increase the distance, the electricity re- 
mains of the same nature over the whole extent of the globe, . 
and of the same kind as during the contact. In the larger 
globe, the electricity continues always the same as during the 
. contact. In an experiment made by Coulomb, the diameter 
-of the larger globe was 1 1 inches, and that of the smaller eight, 
inches. While the distance between them was less than 1 

2 B 
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Effect 
when two 
excited 
globes ap- 
proach. 
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inch, the point of contact of the smaller globe gave signs of 
an electricity opposite to that of the large globe. When the 
distance became 1 inch, the electricity of the point of contact 
of the smaller globe became null, as when in contact, and at 
all greater distances, it remained of the same nature as that 
of the other sphere. When the diameter of the smaller globe 
was only 4 inches (that of the greater remaining the same), 
the opposite electricities were sensible to the distance of two 
inches. When the diameter of the smaller globe was oijly 2 
inches or less, the opposite electricities continued to th$ dis- 
tance of 2 inches 5 lines, but not farther. 

On the contrary, when the difference between the size of the 
two globes diminishes, the distance at which the two electri 
cities manifest themselves also diminishes, and it becomes nu] 
when the two globes become equal. h 

These experiments succeed only when the air is very dry. 
If it be moist, the electricity of the larger globe escaping, 
neutralizes that in the smaller globe, and renders the pheno- 
mena indistinct or quite insensible. 

When two excited spheres are made gradually to approach 
without having ever been in contact, the thickness of the 
electrical coat at the “points of the two globes immediately 
opposite to each other, becomes greater and greater, and in- 
creases indefinitely as the distance between them diminishes. 
The pressure on the atmosphere increasing as the square of 
this thickness, must at last overcome the resistance of the air, 
and the fluid passing from the one globe to the other, occa- 
sions a spark which appears before the two globes come into 
contact. The electricity is different, though of equal thickness 
in each globe. If the one is excited with positive, and the 
other with negative electricity, it is positive in the former and 
negative in the latter. When both contain the same electricity 
(positive for example), there takes place a decomposition of 
the combined electricity in the globe which contains less of the 
positive electricity than it would have done in case of contact. 
The negative electricity resulting from this decomposition 
accumulates at the point opposite the other globe, while this 
latter globe remains positive throughout its whole extent. 
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M. Poisson has also subjected to calculation the state of Chap, v. 
the most remote points of two excited globes, when placed at 
a certain distance from each other. As the two globes approach, 
the thickness of the coating of electricity in these points, 
approaches more and more to what it would be at the instant 
of contact. But as it arrives at this limit very slowly, the 
consequence is, that at very small distances the state of these 
points differs considerably from what it would be, if actual 
contact or the emission of a spark were to take place. 

To these experimental deductions of Coulomb, and calcula- 
tions of Poisson, may be added the following conclusions 
determined experimentally by Mr Snow Harris : — 

1. When the surface of a charged jar or conductor is Mr Har- 
doublcd, the force is reduced to a when tripled to &c.* elusions. 

2. The same quantity of electricity produces always the 
same heating effect whatever be the tension. 

3. When plates of the same area but varying in length, are 
charged with the same quantity of electricity, the intensity is 
inversely as the length of the plates, and this, not only with 
regard to plates, but also with cylinders. 

4. When the perimeter is constant, the intensity is inversely 
as the area. 

5. The capacities of a sphere and plane circle of the same 
area are equal,! 

It seems to follow from the experiments of Faraday, that 
every atom of matter is associated with the same quantity of 
electricity.! If this be so, electricity agrees with heat in this 
particular. * 


Phil. Trans. 1834, p. 219. 


f Ibid. J Ibid. p. 116. 
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CHAPTER VI. 

OF THE PASSAGE OF ELECTRICITY 
THROUGH BODIES. 


It has been already stated in a former chapter, that bodies, 
with regard to electricity, may be divided into two sets : 
namely, those through which it passes with facility, called 
conductors ; and those through which it passes with difficulty 
or not at all, called non-conductors . In reality, no body is a 
perfect non-conductor; for electricity constantly makes its 
escape at last, whatever the substances are by means of which 
we attempt to confine it : hence the term non-conductor is merely 
relative. In the third chapter of this treatise will be seen the 
experiments of Coulomb, showing that electricity makef -its 
escape along the best insulators that can be employed ;%nd 
that the best insulator or the worst conductor is the resin of lac . 

The best conductors are the metals ; buff it has been as- 
certained that they differ considerably from each other in their 
conducting power. An unexceptionable set of experiments, 
on the conducting power of the different metals, was made by 
Mr Children, in the year 1814. These experiments I was 
fortunate enough to witness.* Mr Children's battery con- 
sisted of 20 pairs of zinc and copper plates, each six feet long, 
and 2 feet six inches broad, joined together by straps of lead, 
and plunged into a mixture of nitric and sulphuric acids, diluted 
with from twenty to forty times their weight of water. This 
battery, when in full action, rendered a platinum wire 5 .feet 
6 inches long, and T —ths of an inch in diameter, red hot 
throughout, so that the ignition was visible in full daylight. 
8 feet 6 inches of platinum wire T ^ths of an inch in diameter, 
were heated red. A bar of platinum |th inch square, and 
inches long, was heated red hot and fused at the end. A 


An account of them will be found in Phil. Trans. 1815, p. 363. 
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roupd bar of the same metal iVmyth of an inch in diameter, Chap. vi. 
and 21 inches long, wai heated bright red throughout* ~~ 

To determine the relative conducting powers of different 
metals, two wires of the metals to be compared were taken of 
equal diameter and length, one end of each was in contact 
with one of the basins of mercury, communicating with the 
poles of the battery, and the other end being bent to an angle, 
the wires were connected by hooking them to each other. The 
length of each wire was 8 inches, and its diameter ^th of an 
inch. The results were as follows : — 

1. The wires being platinum and gold, the platinum was 
instantly ignited, while the gold remained unaffected. 

2. Gold and silver. The gold was ignited, the silver not. 

3. Gold and copper. Both metals were equally ignited. 

4. Gold and iron. The iron was ignited, the gold un- 
changed. 

5. Platinum and iron. The iron ignited instantly next the 
pole of the battery. Then the platinum became ignited through 
its whole extent. After this, the iron became more intensely 
ignited than the platinum, and the ignition of the latter de- 
creased. 

6. Platinum and zinc. The platinum was ignited, the zinc 
was not ; but melted at the point of contact. 

7* Zinc and iron. The iron was ignited ; the zinc bore the 
heat without fusing. 

8. Lead and platinum. The lead fused at the point of 
contact. 

9. Tin and platinum. The tin fused at the point of contact. 

10. Zinc and silver. The zinc was ignited before it melted ; 
the silver was not ignited. 

From these experiments it has been deduced, that the order 
of these metals as conductors of electricity is as follows : — 

Silver, 

Zinc, 
f Gold, 
l Copper, 

Iron, 

Platinum. 
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Par* n. Tin and lead fuse so immediately at the point of contact, 
that no conclusion respecting them could be drawn, 
mentsof But the most complete set of experiments on the conducting 
Mr Harris, powers of the different metals are those of Mr Harris.* He 
determined the degree of heat induced into wires of the same 
size by passing through them the contents of an electric 
battery charged exactly to the same intensity. This heat was 
measured by the expansion induced in a given volum^Sjtf air 
by the wires. The conducting powers were considerecLs ^a n- 
versely as these expansions. The following table exhibfrethe* , 
relative heats measured by the rise of a cohmnn of spirits (in a 
tube) pressed upon by the expanded air 


Copper, . 

Effect. 

6 

Copper 3* ) 

Silver, 

. . . ft 

Silver 1, J 

Gold, . 

9 

Gold 1, ‘1 

Zinc, 

. 18 

Silver 1, J 

Platinum, 

. 30 

Gold 1, 

Iron, 

. 30 

Silver 3, 

Tin, 

. 36 

Gold 3, 

Lead, 

. 72 

Silver 1, 

Brass, 

Gold 1 part, 

. 18 
t 20 

Tin 1, 

Letfd 1, 

Copper 1, 
Gold 3, 

f 9 "V 

^ . . 25 

Tin 3, 1 

Lead 1,* J 

Copper 1, 

Tin 1, ) 

Gold 1, i 

15 

Lead 3, J 

Copper 3, J 

Tin 1, \ 

Copper 1, i 

6 

Zinc 1, 

Silver 1, J 


Tin 3, 

Copper 1, i 

6 

Zinc 1, 

Silver 3, 


Copper 8, 
Tin 1, 


Effect. 

6 

20 

15 

25 

54 


45 

63 

27 


. 32 


18 


If we consider the conducting power of these metals as the 
inverse of these numbers, it will be as in the following table : — 


Table of 
conducting 
powers of 
metals. 


Conducting power. 

Copper, 12 

Silver, ..... 12 

Copper 1 part, silver 1 part, . 12 

Copper 1, silver 3, . .12 


* Phil. Trans, 1827, p. 18. 
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Copper 3, silver 1, 

. 

. 

Conducting power. 

* 12 

Gold, . • 



8 

Gold 1, copper 3, 



4-8 

Gold 1, silver 2, 



4-8 

Zinc, 



4 

Brass, 



4 

Copper 8, tin 1, 



4 

Gold 1, copper 1, 



3*6 

Gold 1, silver 1, 



3*6 

Gold 3, copper 1, 



2-88 

Gold 3, silver 1, 



2*88 

Tin 1, zinc 1, 



0.2 

• A ar 

Platinum, . 



2-4 

Iron, . 



2-4 

Tin 3, zinc 1, 

. • 


2-25 

Tin, . 



2 

Tin 3, lead 1, 



1-6 

Tin 1, lead 1, 



n 

Tin 1, lead 3, 



M428 

Lead, 



1 


Probably in order to render these numbers correct repre- 
sentatives of the conducting power o£ electricity, they ought 
to be divided by the conducting power of the metals for heat. 

The heat produced by a powerful Voltaic battery, when in 
full action, is very great. Pieces of charcoal are raised to a 
white heat, even when surrounded with hydrogen or azotic 
gas, hud the light emitted is so intense, that the eye cannot 
bear the glare. The galvanic light is precisely similar to that 
of the sun. Objects viewed with it, have precisely the same 
colours, as when viewed by the light of day. 

Mr Children’s battery fused and reduced oxides of tungsten 
and molybdenum. Columbic acid, oxide of uranium, oxide of 
titanium, and oxide of cerium, were fused but not reduced. 
Iridium weighing 7*1 grains, was fused into a porous globule 
whose specific gravity was 18*68.* Spinel, gadolinite, and 

* Large plates have a great advantage over a battery composed of 
numerous small plates, when the object is the production of heat ^because 
the intensity of the electricity being much smaller, the loss is much less. 
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Ptat li. zircon. were fused, magnesia was agglutinated; but ruby, 
sapphire, Ind quartz, were not affected. Diamond powder 
having been put into the middle of some soft iron wire, it was 
put into the current, and kept of a dull red heat for six minutes. 
The diamond powder had disappeared ; the interior of the 
iron was fused into numerous cavities, and all that part of it 
which had been in contact with the diamond was converted 
into blistered steel.* 

3»iid non- Mr Faraday has shown that ice and many other solid bodies 

conductors _ y - 

becoming are non-conductors while solid, but become conductors when 

wben U fused. rendered fluid.f The following table exhibits a list of the 
solid bodies which he examined, and found subject to this 
law : — X 

1. Ice. 

•2. Potash, protoxide of lead, glass of antimony, protoxide 
of antimony, oxide of bismuth. 

3. Chlorides of potassium, sodium, barium, strontian, cal- 
cium, magnesium, manganese, protochlorides of copper and 
tin, chlorides of lead, antimony, silver. 

4. Iodides of potassium, zinc, lead; protiodide of ti’ ; per- 
iodide of mercury. 

5. Fluoride of potassium. 

6. Cyanodide of potassium; sulpho-cyanodide of ntas- 
sium. 

7. Chlorate of potash; nitrates of potash, soda, barytes, 
strontian, lead, copper, silver; sulphates of soda and Jead; 
protosulphate of mercury ; phosphates of potash, soda, lead, 
copper; quaterphosphate of lime; carbonates of potash and 
soda ; borax, borate of lead, perborate of tin ; chromate of , 
potash, bichromate of potash, chromate. of lead; acetate 
potash. 

8. Sulphurets of antimony and potash. 

9. Silicate of potash ; chameleon mineral. This law, h3 
ever, does not hold in every case. Mr Faraday found v^ric 

When the 2000 pairs of plates battery belonging to the Royal «iistituft 
was in action, it was impossible to walk across the room without 
sensible of pretty strong shocks. j 
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bodies which were non-conductors while cold, and which con- Chap. vi. 
tinued non-conductors after ’they were rendered liquid by 
heat. The following is a list of these bodies : — * 

1. Sulphur, phosphorus, iodide of sulphur, periodide of 

tin, orpiment, realgar, crystallized acetic acid, mixed mar-’continuing 
garic acid, and oleic acid, artificial camphor, caffein, sugar, fused.* 11 
adipocire, stearin of cocoa-nut oil, spermaceti, camphor, naph- 
thalin, rosin, sandarach, shell lac. 

2. Perchloride of tin, chloride of arsenic and its hydrate, 
though liquid, have no sensible conducting power. 

3. Boracic acid, green bottle glass; but flint glass in a 
liquid state conducted a little. 

. It appears from the experiments of Mr Snow Harris, that 
heat diminishes the conducting power of metals.f 

Dr Ritchie has shown that all compound bodies, whose 
constituents go to the same pole when decomposed by Voltaic 
electricity, are non-conductors: hence the reason why oils, 

Resins, camphor, caoutchouc, are non-conductors even when 
jin a melted state. Liquid sulphurous acid is a good conduc- 
tor, because its constituents, oxygen and sulphur, go to oppo- 
site poles. Liquid ammonia is doubtful ; because it is uncer- 
tain to which pole the azote goes.J * 

This law of Dr Ritchie explains the reason why liquid 
chlorine, sulphur, and phosphorus, are non-conductors; but 
it does not account for the conducting power of metals both 
when solid and liquid. 

Dr Ritchie conceives that conducting bodies arrange them- R^je’s ^ 
selves in a peculiar way in order to allow the transmission of of couduc- 
electricity through them. Let us suppose a zinc plate and tMm ’ 
copper plate united together by a wire, as 
in the margin, to be plunged into water 
acidulated with sulphuric acid. The zinc 
plate having a greater affinity for oxygen 
than the copper wire, will attract the * 
particle of water in its neighbourhood, so 
that the oxygen extremity of it will place 

* Phil* Trans. 1833, p. 513. f Ibid. 1834, p. 231. t Ibid. 1832, p. 279. 
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Part ii. itself in contact with the zinc, and of course the hydrogen side 
at the greatest distance from it. Let the white circles in the 
figure represent the atoms of oxygen, and the dark circles the 
atoms of hydrogen, of which the water is composed. The 
'row of particles between the zinc and copper plates wiU 
arrange themselves as in the figure. And unless the consti- 
tuents of a compound body be such, that they can arrange 
themselves in this way, the body cannot conduct electricity. 

• Mr Faraday has adopted the same view ; and if I under- 
stand him rightly, he has extended it also to the metals. He 
conceives the Ultimate particles, or atoms of the metals, to 
consist of two poles, one positive and the other negative. 
The negative pole of the particle nearest the zinc end of the 
pile is turned towards the zinc, and its positive pole as far off 
from the zinc end as possible. Every particle arranges itself 
in the same way, till the last particle turns its positive pole 
to the copper end. And unless the particles of bodies^e 
capable of arranging themselves in this way, they cai^ttifr fee 
conductors. ,* ■ 

Were we to adopt this ingenious view of Dr Ritchie and 
Mr Faraday, it would go far to destroy the ndtion at present 
prevalent, that electiicity is a fluid or fluids. It >$>uld rather 
seem that it is a force residing at the poles of material atoms. 

Faraday’s Faraday has drawn the following conclusions from his 

conclusions. # J ° 

experiments : — 

1. All bodies conduct electricity in the same way from 
metals to lac and gases, but in very different degrees. 

2. Conducting power is in some bodies powerfully increased 
by heat, and in others diminished, yet without our perceiving any 
accompanying essential electrical difference either in the bodies, 
or in the changes occasioned by the electricity conducted. , 

3. A numerous class of bodies, insulating electricity of low 
intensity when solid, conduct it very freely when fluid, and 
are then decomposed by it. 

4. But there are many fluid bodies which do not sensibly 

cdfiduct electricity of this low intensity ; there are soine which 
conduct it without being decomposed; nor is fluidity essential 
to decomposition. * * 
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5. There is but one body yet discovered, the periodide of Ch»p. vi. 
mercury, which, insulating a Voltaic current when solid and 
conducting it when fluid, is not decomposed in the latter 

case. 

6. There is no strict electrical distinction of conduction, 
which can yet be drawn between bodies supposed to be elemen- 
tary, and those known to be compound.* 

I. think it rather doubtful whether the following remarkable 
experiment, for which we are indebted to Dr Ritchie, can be 
completely reconciled to these views. Dr Ritchie placed 
alcohol in a Voltaic current, and found it to undergo decom- *'/ eiectri- 
position. Olefiant gas was given off at the negative pole, 
and he inferred that water was given off at the positive pole.f. 

Now, as alcohol is resolvable into olefiant gas and water, it 
£an scarcely be doubted that if olefiant gas was given off at 
the one pole, water must have been given off at the other ; if 
so, the water must have acted the part of an acid, and the 
olefiant gas that of a base. 

Dr Ritchie has shown the inaccuracy of the supposed law 
that the conducting power of a wire in the Voltaic battery is 
directly as its diameter, and inversely as the square of its 
length.J Davy first stated that the coftducting power of a 
metallic wire was inversely as its length, and directly as its 
section, and this law has been confirmed by the subsequent 
investigations of Pouillet and Ohm.§ Many interesting ex- 
periments on the subject have been made by Mr Snow Harris 
and Mr Christie. 

Marianini, professor of Physique at Venice, has made a 
set of experiments to determine the relative conductibility of 
solutions of various salts, alkalies, and acids in water. I con- 
sider it as worth while to state his results as they are the best 
we have on the subject. || I presume the solutions are sup- 
posed to be one part of salt in 100 water, though that is not 
stated: — 

* Phil. Trans. 1833, p. 521. f Ibid; 1832, p. 285. j Ibid. 1833, p. 313. 

, § Becquerel Trait6 de 1’ Electricity v. 255. || Ibid* iii* 94. 
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Conduct!-, 
bility of 
saline solu- 
tions. 


Ratios of the conductibility of different solutions to that of 
water taken as unity . 


( The conductibility of sea water is 100.J 


Substances dissolved 
in 100 parts water. 

Hydrocyanate of soda 



Conducting 

power. 

10-96 

Hydrocyanic acid . 



18-27 

Liquid ammonia 



26-45 

Soda • • • • 



32-06 

Phosphate of potash 



44-74 

Borax 



43-31 

Phosphate of soda . 



46-00 

Tartar emetic 


• 

50-07 

Sulphate of zinc * . 


• 

51-64 

Chlorate of barytes 


• 

53-23 

Potash . 


• 

55-68 

Protochloride of iron 



56-53 

Nitrate of lime 



57-00 

Acetate of potash . 



59-02 

Nitrate of barytes . 



60-00 

Protosulphate of iron 



62-26 

Bitartrate of potash 



62-04 

Sulphate of magnesia 



62-64 

Acetate of soda 



64-09 

Bicarbonate of potash 



66-07 

Chlorate of potash • 

• 


68-09 

Carbonate of soda . 



69*02 

Benzoic acid . 

• 


70-67 

Mellitate of ammonia 



71-15 

Sulphate of soda 



74-02 

Benzoate of potash . 



76-56 

Nitrate of potash 

• 


78-03 

Sulphate of potash . 

• 


80-00 

Chloride of sodium • 

• 


84-79 

Potash alum . 



85-00 

Citric acid . . 



85*71 

Acetic acid 



87-00 

Tartrate of potash . 



92-00 

Tartaric acid , . • 



98-66 
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Substances dissolved 
in 100 parts water. 

Chloride of calcium 
Phosphoric acid 
Ferruginous sal ammoniac 
Oxalate of potash . 

Sal ammoniac 
Acetate of copper . 
Muriatic acid . • • 

Oxalic acid 
Sulphuric acid 
Sulphate of copper . 
Nitrate of copper . 
Nitrate of silver 
Chloride of gold 
Nitric acid . » , • 

Chloride of platinum 


G«iductin g Chap. VII. 

110*00 

127*00 

136-00 

149 - 00 

150 - 00 
154-00 
164*00 
179-00 
239-00 
258-00 
278-00 
298-00 
307-00 
358-00 
418-00 


From the preceding table it appears that the acids have 
the greatest conducting power, while alkaline and saline solu- 
tions are in general much inferior as conductors. The con- 
ducting power increases with the quantity of salt dissolved, 
but more slowly when we approach the point of saturation. 
The conducting power of sulphate of magnesia dissolved in 
100 times its weight of water, is to that of the same salt 
dissolved in 1000 times its weight as 24 to 13. 


CHAPTER VII. 
OF INDUCTION. 


It has been already noticed, in the chapter where the general 
principles of electricity are shortly stated, that if a neutral 
body be made to approach an insulated charged conductor, 
its electricity undergoes a new arrangement. Suppose the 
insulated conductor to be charged positively, the end of the 
neutral body next it becomes negative, and the end most 
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Induction 

what. 


Explained. 


remote positive ; so that this neutral body becomes excited 
merely in consequence of its proximity to the charged con- 
ductor. This excited state has been called electricity by 
induction . It will be necessary here to enter somewhat more 
into particulars. 

Suppose we have an insulated copper cylinder terminated 
by two hemispheres, and that we attach to it, from distance 
to distance, electrometers consisting of two straws, or two 
elder pith balls, hanging in contact. Suppose we now bring 
into its neighbourhood another similar conductor charged 
with electricity, and furnished with similar electrometers, we 
shall find that the pith balls in the charged conductors which 
stood at a distance from each other, will approach more and 
more the nearer we bring it to the neutral body ; while in the 
neutral cylinder the balls diverge more and more, with this 
remarkable difference, that the divergence diminishes more 
and more as we approach nearer the middle of the cylinder, 
which will be found neutral , or incapable of affecting the 
electrometer at all. Suppose the excited body to be positive , , 
then the end of the other cylinder next it- will be negative , , the 
end most remote positive , and the centre neutral , . We shall 
find also, if we examine the excited cylinder while thus placed, 
that the end nearest the other cylinder will be positive) and 
the end most remote negative. The excited cylinder loses 
none of its electricity, as may be ascertained by examining it 
before and after the experiment. It follows from this impor- 
tant fact, 

1 . That an excited body exercises at a distance, upon an- 
other previously neutral body, an effect which dissimulates its 
own electricity, and renders the other body electric. 

2. That the two electricities are separated in the newly 
excited body, the electricity opposite to that in the conduc- 
tor first excited being .accumulated in the end nearest to it, 
and the other electricity in the end farthest distant. 

3. That the electricity in the originally excited cylinder is 
likewise accumulated at the two extremities, the positive at 
the one end, and the negative at the other. Suppose this 
cylinder to have been charged with positive electricity; if, 
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while the other cylinder is near it, We touch the positive end Chap, vii. 
with a finger, we carry off the positive electricity : if we 
withdraw the other cylinder, we shall find the originally excited 
cylinder now charged with negative electricity. 

We see from this that every body contains the two electri- 
cities; but that they do not become ‘sensible till they are 
separated from each other. 

It is obvious that electricity by induction may be induced 
at great distances. Suppose the insulated cylinder A charged 

C- ~) C- -£ > < T~'~7 ) C 1 + > 

A B C D 

with positive electricity, the end of B next it will become 
negative, and the most remote end positive. Let a third 
neutral cylinder C be placed near B, it will become elec- 
tric by induction, the end next B being negative, and the 
most remote end positive. The cylinder D, placed near G % 
will in like manner become charged with negative and positive 
electricity, and the same thing will happen however great the 
number of cylinders thus placed may be supposed to be. We 
may conceive from this how electricity is transmitted through 
bodies with inconceivable velocity, without being under the 
necessity of admitting the actual transmission of one or two 
electric fluids. 

Precisely similar effects are produced when two cylinders, 
both excited, are brought near each other. Suppose both 
charged positively, the positive electricity in each will repel 
the positive and attract the negative ; so that the extremities 
of the cylinders next each other will be, one negative and the 
other positive ; and the same will be the case with the extre- 
mities most remote from each other. 

Coulomb has shown that the two electricities thus separated 
by induction are equal in quantity. 

The first attempt tp produce electrical currents by the Production 
influence of other currents was made by M. Ampere. He curmtlk* 1 
formed a spiral with a copper wire covered with silk thread, 
and passed through an opening in its upper part a silk thread, 
to which was suspended a copper disc, $hich was kept for 
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fab* it* name time in the direction of the circumrevolutions of the 
‘wire. Having passed the discharge of a strong Voltaic pile 
through the spiral, he remarked that when the disc was placed 
between the opposite poles of a horse-shoe magnet, it was 
sensibly acted on, and the action varied according to the 
position of the poles of the magnet. This subject has been 
investigated with much sagacity by Mr Faraday. I shall 
state the principal facts which he discovered, after giving his 
new views respecting induction. 

Mr Faraday considers induction to be a certain polarity 
into which the particles of a body are brought — one end being 
positive, and the other negative — and the state always pro- 
ceeds from the excited body ;* precisely similar to the state 
of the cylinders electrified by induction, as explained in a 
preceding paragraph of this chapter. 

Mr Faraday found, by a very ingenious set of experiments, 
that when inductive action was made to pass through different 
gases, the amount was always the same ; so that the inductive 
action through all gases is the same ; and no change takes 
place whether the gases be rarefied or condensed. The gases 
tried and compared with each other were the following : — 

Azote Oxygen Hydrogen 

Carbonic acid Olefiant gas Arsenietted hydrogen 

Carbonic oxide Protoxide of azote Sulphuretted hydrogen 

Deutoxide of azote Sulphurous acid 
Ammonia FIuo-<uHcic acid 

If we reckon the inductive power of air unity, that of the other 
bodies tried by Mr Faraday was as follows : — 


Shell lac . 

2 

Flint gloss 

1-75 

Sulphur 

2-25 

Spermaceti 

1-8 


Mr Faraday has also given the name of induction to the 
power which electric currents possess of exciting in matter, 

* Phil. Trans. 18381 p. 1. 
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produces other currents. To show this kind of induction, he 
rolled into a spiral upon a cylinder of wood, two similar copper 
wires covered with silk and two or three hundred feet long* 

One of the spirals was made to communicate with a midtipli- 
cator 9 and the other with a Voltaic battery of 100 pairs of four 
inch plates, the zinc plates being surrounded with copper in 
Wollaston’s manner. The needle immediately deviated a 
little ; but the deviation became very soon insensible. Another 
deviation took place in the contrary direction whenever the 
contact with the battery was interrupted. It would appear 
from this, that these inductions take place onlj at the instant 
that the current begins or ceases. From this Faraday con- 
cludes, that this momentary current participates more of the 
current produced by the discharge of the Leyden phial, than 
that produced by the Voltaic battery. lie found that the 
current induced when the circuit is completed, flows in the 
same direction as the principal current; but the current which 
appears when the circuit is interrupted, Jow& in the opposite 
direction.* 

Mr Snow Harris has shown, that a body electrified by 
induction is the same Li vacuo as in air. So that the ten- 
dency of electricity to escape in such a case does not exist, f 

Mr Jenkins observed, that if an ordinary wire of a short 
length be used as the medium of communication between the 
two plates of an electi ometcr, consisting of a single pair of 
metals, no management will enable the experimenter to obtain 
an electric shock from this wire; but if the wire which sur- 
rounds an electro-magnet be used, a shock is felt each time 
that the contact with the electrometer is broken, provided the 
ends of the wire be grasped in each hand.J This fact in- 
duced Mr Faraday to study the subject. lie showed that the 
effect depended upon the length of the wire, and finally traced 
the phenomena to the influence by induction of an electric 
current upon it$elf.§ 

* Phil. Trans. 1822, p. 126. t Ibid. 1834, p. 237. 
t Ibid. 1835, p. 41. § Il^id. 

2 c 
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CHAPTER VIII. 

OF THE THEORY OF THE LEYDEN JAR, AND OTHER 
SIMILAR APPARATUS. 

• 

It has been already stated in a preceding chapter, that the 
Leyden jar was accidentally discovered at Leyden, by Cunmas, 
Musclienbroeck, and Allemand, at a very early period of elec- 
trical science. It constituted a memorable era in the history 
of electricity, because it furnished electricians with a method 
of accumulating electricity at 'pleasure, and thus of producing 
many curious phenomena, and investigating the laws of elec- 
tricity with greater certainty and success. The theory of the 
Leyden jar was first investigated by Dr Franklin, and has been 
long familiar to electrician and electrophones, 

instruments so useful in many investigations, are nothing else 
than modifications of it. The Leyden jar, as at present em- 
ployed by electricians; consists of a thin cylindrical glass of 
any size, from that of an eight ounce phial, to that of 400 
cubic inches or even more, usually terminated at the upper 
extremity by a mouth as wide as will admit the insertion of 
the hand to coat the inside of the jar with tinfoil. 

The jar is covered both inside and out with tinfoil, 
pasted on from the bottom to within a third of the 
top. The upper portion of the jar is coated over 
with lac varnish, or if not varnished it should be 
rubbed over with a thin coating of tallow to pre- 
vent moisture from adhering to the glass, which 
in damp weather or in a moist atmosphere, would 
prevent the possibility of charging the jar, A 
cork covered over with lac varnish, or with sealing- 
wax, is fitted into the mouth of the jar, through 
which passes a brass wire, terminating at its upper extremity 
in a knob or small sphere of brass, and dividing within the jar 
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into three wires, which spread wide; and in consequence press Ch. ^pr. 
lightly against the inside coating of the jar. 

Let us suppose that the knob b is placed within the strife- Mode of - 

1 r . * ; charging 

ing distance of the prime conductor of an electrical machine, the Leyden 
while the outside coating, in consequence of the jar standing phial * 
on a common table, communicates with the earth. When the 
machine is moved, a spark of positive electricity strikes the 
knob b 9 and makes its way along the wire to the inside of* 
the jar. This spark, from die nature of glass, cannot pass 
through the jar, but is deposited upon the inside surface of 
the jar. It will repel the positive electricity on the outside 
surface of the jar, which will be partially driven out of it, and 
will pass into the earth; while at the same time it will attract 
the negative electricity, which will therefore accumulate on 
the outside surface of the glass! Suppose another spark to 
pass from the prime conductor to the knob b. This will oc- 
casion an additional quantity of positive electricity to accu- 
mulate on the inside surface of the jar. More positive elec- 
tricity will be driven out of the outside surface and more 
negative electricity will be attracted into it. Thus every 
spark which passes from the conductor to the knob, occasions 
an increase of positive electricity on the? inside surface, and an 
increase of negative electricity upon the outside surface ; till 
at' last there is a verv considerable accumulation of the two 
electricities on the two surfaces. The mutual attraction which 
takes place between these two electricities, will have a tendency 
to prevent them from escaping spontaneously, and will also 
occasion a much greater accumulation of each on their respec- 
tive surfaces. Suppose now that a good conductor, a metallic 
wire for example, is made to touch at once the knob b y and 
the outside coating of the jar, the two electricities will rush 
into combination along this wire, a snap or an explosion will 
take place accompanied by a brilliant light, 1 two electricities 
will combine, and all symptoms both of positive and negative 
electricity will disappear, or almost disappear. If instead of 
a metallic wire the medium of communication between the in- 
side and outside coating, be the human body; as for example, 
if ’ we grasp the jar by the bottom with one hand, and touch 
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the knob with the finger of the other, the two electricities 
s' v unite in our body, and the act of union is attended with a 
shock rnore or less violent and painful, according to the size 
>of thej&r, and the greatness of the charge. When a number 
of jars are united together, constituting what is called an elec- 
trical battery, the shock" is so great as to prove fatal when 
passed through the body of an animal of considerable size, as 
a sheep, or a large dog. 

I* 1 the Leyden phial the electricities are not lodged upon 
of the glass, the coatings of the jar, but upon the two surfaces of the jar 
itself. This was demonstrated by Dr Franklin. Instead of 
coating the inside of the jar with tinfoil, we may fill it with 
water up to the usual height of the coating. This, indeed, was 
the- coating originally used by the disco\erers of the Leyden 
jar. Instead of pasting the outside coating to the jar, we may 
make it merely to fit the jar, and so that the jar may be easily 
slipped out of it without using force. Dr Franklin charged a 
jar containing water, and having the outside coating merely 
in contact. He then poured out the water, and drew the jar 
out of its outside coating, taking care never to establish any 
communication between the inside and outside. New water 
"was qow poured into tile jar, and a new coating applied jon the 
outside. The jar was still found charged, and when a com- 
munication was established between the knob and the outside 
coating, an explosion took place just as would have happened 
had the original coatings not been displaced. Whenever the 
quantity of positive electricity accumulated on the inside sur- 
face of the jar is so great, that by its repulsive force it pre- 
vents the accumulation of any more, then the jar has received 
all the charge which it can take. 

If we insulate a Leyden jar, and place the outside coating 
in contact with an insulated electrometer consisting of two 
pith ball? suspended by linen thread? from a hooked wire; as 
soon as a spark of positive electricity passes into the knob* the 
balls separate, indicating a charge of positive electricity. If 
we touch the wire to which the pith balls are attached, they 
immediately clpse, because by this contact, we carry off the 
positive electricity which had been driven out of the outside 
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surface by the spark of positive electricity, which was de- Ch.iVlii. 
posited on the inside surface. If we now touch the knob of ™™ 
the jar, so as to draw off the uncombined positive electricity 
from the inside surface, the pith balls again separate. But 
they are now charged with negative electricity. Thus we see, 
that when positive electricity accumulates on the inside sur- 
face, positive electricity is driven off from the outside surface, 
and that negative electricity accumulates on that surface. 

When the jar is charged, if we put it under the receiver of an 
air-pump, and exhaust the air, the two electricities being no 
longer retained in their place, rush towards each other, form- 
ing a path which appears luminous in the dark. 

By means of the charged Leyden jar, we can procure at Leyden jar 

. J ® \ _ / . . furnishes 

pleasure either positive or negative electricity, which is very either elec- 
convenicnt for many purposes. From the mode of charging the tncity ' 
phial, the inside has generally a charge of positive electricity, 
while negative electricity is accumulated on the outside. Sup- 
pose it thus charged, if we take it up in one hand, and make 
the knob rub against the surface of a cake of wax or a thin 
plate of glass covered with lac varnish ; the parts of the plate 
touched by the knob will have acquired positive electricity, 
and the parts opposite on the under surface of the glass will 
have acquired negative electricity. If we now suspend the 
glass plate insulated in the air, and blow upon it a mixture of 
sulphur and minium powder previously triturated together, the 
minium alone will adhere to the pa^UMk^he plate that have 
been electrified positively. If we blowW^ same mixture of 
powder upon the other side of the plate, the^phur alone will 
adherfe to the parts which are electrified negatively. Thus 
we will have the same liues traced on the two sides of the glass 
plate; but with different coloured powders. The positive 
electricity will be covered with the red powder of minium, the 
negative electricity with the yellow powder of sulphur. This 
curious experiment was first made by Lichtenberg, and these 
lines are called the lines of idchtenberg. The reason o&the 
phenomenon is, that when sulphur and minium are triturated 
together, sulphur acquires positive electricity, while minium 
Acquires negative: hence they naturally attach themselves 
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F»*n. to these surfaces which have an electricity opposite to their 
own. 

SpiainS r The instrument called the condenser , so useful in electrical 
investigations, is very nearly of the same nature with the 
Leyden jar, or at least depends upon the same electrical laws. 
This instrument was first contrived by ^Epinus, but it was 
brought into the convenient form for use, which it has at pre- 
sent, by Volta. Suppose a bod) A, to be placed in contact 
with the charged prime conductor of an electrical machine. 
It will acquire a certain electrical charge. If while thus 
charged, we bring the body 13, (supposed in a natural state 
and communicating freely with the ground,) into its neighbour- 
hood, the presence of this new body will enable A to take a 
much stronger charge than before. For the electricity with 
which it is charged acts upon the electricity of B. It drives 
the electricity of the same kind with itself into the ground, 
and attracts the opposite electricity, and fixes it upon that 
surface of B which is nearest A. By this attraction, the el^ 
ticity of the electricity in A is diminished. The consequence 
is, that an additional quantity of electricity passes from the 
prime conductor into A. This new quantity ac|g/in its turn 
upon the electricity in 1 . 3 , drives an additionsj^brtion of the 
electricity of the same name into the earth, and attracts an 
additional quantity of the opposite electricity. This new 
charge of electricity in B, by its attraction, serves still farther 
to diminish the elasticity of the electricity in A, and thus an 
additional quantity will flow into it from the prime conductor. 
Thus the two bodies act reciprocally upon each o*hcr, and 
mutually increase the* charge in each. 

Let D be the prime conductor of a ma- 
chine* and let A be a metallic plate sus- 
pended from the conductor by means of the 
wire w . If D be weakly charged, it will A 
communicate a weak charge also to A. 

This may be ascertained by bringing an B 
electrometer into its neighbourhood. Now 
let the metallic plate B, communicating 
with the ground, be made gradually to approach A, till it is 
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as near as possible, without however being sufficiently so to Cb. vm. 
receive a spark from A. The presence of the plate B will 
enable A to take a much greater charge, as may be easily as- 
certained by means of an electrometer. If we now remove A 
by means of a glass rod, taking care that B shall retain its posi- 
tion till A is insulated, then A will be much more strongly 
charged than it would have been had not B been near it. 

The nearer we can bring B to A, the greater is the effect 
which it will produce iu increasing the charge. But this di- 
minution of distance is limited by the tendency which the 
electricity of A has to pass off to B. The best way then is 
to interpose between them some non-conductor, through which 
of course the electrify cannot pass ; such for example as a 
thin plate of glass, or a thin coating of lac varnish. By this 
contrivance, the distance between the plates may be rendered 
very small. Thus arranged, the two plates constitute what is 
called the condenser . 



Bennet’s doubler may be considered 
as a still farther improvement of the 
condenser. The first description of 
it was published in the Philosophical 
Transactions tor 1787. Tfte method 
of using this doubler is as follows 5 — 
It consists of three parts. 1. A 
polished brass plate A, with an in- 
sulating handle fixed in its centre. 2. 


A similar plate B, with an insulating 
handle fixed in its periphery. 3. The 
cap of Bennet’s gold leaf electro- 
meter, G, which serves for the third 


pla^e. The two plates A and B, are 
varnished on their under side. The 
handles are made of mahogany fixed 
to the plates by means of glass nuts 
covered with sealing-wax. 

Suppose we have to examine the 


electricity of the plate G. 

1> Place B upon G, and communicate some electricity to 
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v the latter, while the plate B is touched with the* finger. It is 
evident that G. will receive a greater charge than if B were 
not near it. v In fact these two plates constitute the common 
condenser . 

2. Remove the source of electricity from the contact of G, 
and take the finger from off B. Raise B, by its insulating 
handle, and B and G will exhibit the opposite states of elec- 
tricity more strongly than when they were in contact. 

3. Place A on B and touch A with the finger. It is ob- 
vious that a quantity of the opposite electricity from tjiat in 
B will accumulate in A, while the same kind of electricity will 
be driven off. In short, A will be charged with the saqie kqpid 
of electricity as G. t 

4. Place B upon G, and touch B with the finger as before, 
and at the same time apply A edgeways to G. In this situation 
A will communicate the greatest part of its electricity to G. . 

5. Remove A, take the finger from B, and raise B from G. 
^he opposite electricities in B and G will now be stronger 
than before, on account of the additional electricity afforded 
by A . 

6. Place A upon B again, and proceed as in No. 3. An 
additional dose of electricity may now be communicated from 
A\o G. By proceeding in this manner for a certain time** 
the electricity originally communicated to G, though at first 
too small to affect the strips of gold leaf, will at last become 
sufficiently sensible to produce a considerable divergence in 
them. 

This doubler was still farther impr.oved by Mr Nicholson, 
who" constructed what is called his revolving doubler , an account 
of which may be seen in the Philosophical Transactions for 
1788, and4n Nicholson's Journal^or May, 1800. 

The best condenser consists of two metallic plates, having ; 
their contiguous surfaces covered with a coat of vanish. 
Care must, be taken to place them upon each’ other, without 
rubbing them againstbach other. For friction would develope 
electricity in the coating of resin, which would adhere to 
and might occasion errors in delicate experiments. To render -l 
the instrument convenient, the plate B is fixed upon a* solid 
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metallic foot, and an insulating handle of varnished glass is fixed Ch. vm. 
in the centre of the upper surface of the plate A. A wire 
terminating in a knob is usually fixed in the plate A, by means 
of which, the electricity to be examined is conveyed to it, 
while the finger is in contact with plate B, or its metal stand 
in order to secure its communication with the ground. When 
A is to be removed from B, the condenser should be placed 
upqji a table, and A should be lifted up perpendicularly from 
B, without any friction, otherwise A would be apt to discharge 
itself upon B. 

Jhe condenser evidently depends upon the same principles Theory of 
as % le J* e yden phial, and indeed its theory is so obvious, that ^ ea “ den * 
a Vjry few words will* be sufficient to explain it. Suppose 
plaA A to be charged with positive electricity, a certain 
qua&oty of negative electricity will be attracted and fixed in 
plat^B. This will allow A to take a farther charge, which 
wiP&Lccumulate a still additional quantity of negative elec- 
an( * 80 on# ^ ^ ie distance between A and 
i Wjgre^thing, the quantity of positive electricity in the former 
^JDuldme exactly balanced by the quantity of negative elec- 
* tricuty the latter. But there is always a certain distance 

betwej® A and B : lienc n , the positive 0 electricity ill A will 
exeqea the negative electricity in B, and it wili exceed it 
the more the greater the distance between the two plates 
is. But in all cases there must be an excess of vitreous 
electricity in A ; so that the two electricities accumulated in 
the two plates, will not exactly neutralize each other. The 
very same thing happens in the Leyden jar, and hence it will 
be found, that when the communication is made between the 
two sides of the jar, all electrical symptoms do not vanish. A 
small charge will still be found in the jar, which will occasion 

slight shock, when, holding' the discharged jar in one hand, 
we touch the knob with the other. 

In the condenser, the electricity does not reside in the 
metallic plates, but on the faces of the thin coat of varnish 
which separates them. This is easily demonstrated by em- 
ploying a condenser whose plates are separated by a thin disc 
of glas% After plate A is charged with electricity, place the 



894 

Part II. 


Electro- 
phut us. 


ELECTRICITY. 

condenser upon an insulating stool. Then remove plate A. 
On applying the finger to iky only a very small spark will be 
given, amounting to no more than a very small portion of the 
electricity. Now, remove the plate of glass by taking it up 
by one of the corners, and examine plate B. It also will com- 
municate only a very slight spark. Wfe see then that the two 
electricities were in fact upon the two surfaces of the glass. 
Thus the condenser differs from the Leyded 1X1 nothing 
but the shape. ^ 

The electrophorus , an instrument for which we are^inu 1 ®^^^ 
to Volta, is quite similar in its nature to the condenser, 1 
depends upon the same principles as the Leyden phial, 
electropliorus usually consists of three parts. 1 . A met 
plate, round, and about six inches in diameter. It shoufl 
thin and provided with an insulating stand. 2. A cake o' 
of the same dimensionsas the metallic plate. This resin i^ 
ed, and then cast upon the metallic plate. It should ah'JJJ 30 
thin. We shall call this metallic plate the sole of the e 1 
phorus, and the resin we shall call the cake . 3. A nywllio 

plate, or a wooden plate quite smooth, all round, and wjithoilt 
any projecting points, covered with a coating of tinfoil* ^ 
should be of the same dimensions as the other two partsJ^ We 
shall call it the cover . It must be provided with an insitAated 
glass handle like the upper plate of the condenser . 

Pour the melted cake upon the insulated sole and let it re- 
main till it has become firm and hard. If w e now examine the 



apparatus, we shall find it negatively electrified, and when the 

finger is applied to any part of it, especially the sole, a spark 
is produced. If the apparatus be now suffered to remain at 
rest, the electricity is gradually dissipated and disappears, but 
it may be again restored by rubbing the resin with a piece of 
cat’s skin with the fur on. By this friction resinous electricity 
is developed on the cake. If the insulated sole be placed in 
contact with an electrometer, we shall find the pith balls diverge, 
and indicate negative electricity. If we touch the sole with 
our fin^h*, the pith balls fall down, and all signs of electricity 
disappear. The cake obviously repels the negative electricity 
from the sole, # and attracts the positive electricity ^ hen 
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there will be an accumulation of negative electricity in the Oh. vm. 
cake, and of positive electricity in the sole. 

If we apply the cover to the cake, lifting it by the insulat- 
ing handle, and after allowing it to remain a little,- lift it offv 
again, and apply it to an electrometer, we shall find no signs 
of electricity. But if we replace it on the cake, and place an 
insulated electrometer in communication with it, the pith balls 
will diverge with negative electricity. If we touch the cover 
with the finger, and then withdraw it, we shall find it charged 
with positive electricity. It is obvious that the action of the 
cake upon the cover is the very same as upon the sole. The 
nega|ive electricity has been repelled, and the positive elec- 
tricity attracted. So that both the sole and the cover, if they 
be made to communicate with the ground, will be found charged 
with positive electricity. 

As the electricity does not soon leave the cake after friction, 
if it be kept in a dry place the cover may be charged with posi- 
tive electricity, simply by placing it on the cake, and touching 
it with the finger and then removing it ; and the charge will 
L? efficient to give sparks, and thus to enable us to apply the 
elei* ^phorus to a variety of useful purposes. It may continue 
to act for a month or even longer. But the attraction between 
the two opposite electricities will gradually overcome the re- 
sistance which the resin manifests to the disengagement of its 
electricity i The positive electricity will gradually make its 
way, unite with the nd^ative electricity on the surface of the 
resin, and all the electricity will of course be discharged. 

When this happens the electrophorus may be again brought 
into action by rubbing the cake with a piece of* cat’s skin as 
before. * 

The theory and mode of action of the electrophorus is so 
obvious after the preceding explanation of the Leyden phial 
and the condenser, that it is quite unnecessary to offer any 
farther elucidation. 
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CHAPTER IX.‘ 

OF THE ELECTRIC SPARK. 


The first person who seems to have perceived the electric light 
was Otto Guericke ; but he has left nothing satisfactory on 
the subject. Dr Hall, however, in the year 1708, observed 
that when pieces of amber awgrubbed with flannel they give 
out a great deal of light, witn a crackling noise. This light 
he compared to lightning. He observed the same thing with 
the diamond, and lac, and sealing-wax, when rubbed. He 
found that all bodies which are capable of being excited by 
friction, or electrics , have the property of becoming luminous 
when rubbed. This friction excites electricity and gives them 
the property of attracting light bodies. Thus Dr Hall recog- 
nized that when electrical bodies are excited by friction they 
emit light.* Mr Hauksbee had indeed, in 1705, observed the 
light emitted when mercury is agitated in a glass tube in vacuo, 
and several other similar phenomena. But he was not aware 
that electricity had any share in producing this light.f Very 
soon after the discovery of Dr Hall, we find Hauksbee describ- 
ing the light evolved by the friction of glass, and various other 
bodies, and it is obvious, from his account of his experiments, 
that he was aware that this light was connected ,with electri- 
city4 

When a spark is drawn from a body electrified positively, it 
has the form of a pencil of rays, or brush , or it forms a (tone, 
the apex of which is in the body from which the spark pro- 
ceeds. This brush was first described by Mr Gray, /and When 
originally observed it excited great surprise in hiril and his 
friends. When the spark is drawn from a body negatively 
electrized, it has the appearance of a star. 

* Phil. Trans. x*vi. 69. + Ibid. xxiv. 2129. % Ibid. xxvi. 87. 
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Particular attention has been paid to the electric spark by Chap. ix. 
Mr Faraday.* The conditions requisite for its production in 
its simpler form, are these : — An insulated dielectric (or non- 
conductor) must be interposed between two conducting suB^ 
stances, in opposite states of electricity. Then if the action 
Ibe increased, either by bringing the conductors nearer each 
other, or by increasing the charge, a spark appears, and the 
two forces lose their intensity, a discharge having occurred. 

The usual conductors are metals, and the usual dielectrics are 
air or glass. 

Mr Snow Harris found, that when the dielectric through 
which the spark passes is air, the quantity of electricity neces- 
sary to produce a discharge, varied exactly as the distance- 
between the balls frojn the one to the other of which the dis- 
charge passed.! He found also ’that the quantity of electri- 
city varied as the density of the air. If the quantity of air 
remained the same, while the distance between the balls and 
the density of the air varied, these last were found in the 
inverse ratio of each other, the same quantity of electricity 
passing over twice the distance with air rarefied to one-half.J 
Mr Harris showed also that variation of the tcm^nture of 
the air produces no variation in the quantity of electrify re- 
quired to cause a discharge across a given interval.§ if 

Mr Faraday conceives, that before a spark appears, the Faraday's 
dielectric between the two conducting substances is brought, the n 8park. 
by induction, to a certain state of tension, each particle having 
one of its poles turned to the positive, and the other to the 
negative ball, and that when this tension rises to a certain 
amount, discharge takes place. This would indicate a motion 
of electricity from one cpnducting ball to the other, which is 
rather inconsistent with the theory of induction which we have 
given in a preceding chapter. In fact, it is the electric spark 
and the discharge of the Leyden phial, which constitute the 
g^eat difficulties in the way of considering electricity as not a 
|uid but a force. V. 

; Nor is it easy to affix a definite idea to the wordlfefmow, 

• Phil. Trans. 1838, p. 95. + Ibid. 1834, p. 225. 

t Ibid, p.229. $ Ibid. p. 230. 
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so commotily applied to electricity. Thus we say that the 
quantity of electricity in the charged Leyden phial is small, 
but its tension great ; and, that the quantity of electricity in 
-an acting Voltaic battery is great, but its tension small. We 
mean, that the former can make its way through a given thick- 
ness of a dielectric much more easily than the latter. Accord* 
ing to Mr Faraday's notion of conduction, we might conceive 
that the polar particles of the dielectric were much more com- 
pletely turned in the inductive direction, in the former than 
in the latter ; but why a greater quantity of electricity should 
have a less effect than a smaller quantity in the other we can- 
not understand. « 

Mr Faraday ascertained by experiment, the distance through 
which a spark would pass when different kinds of gas were 
made to surround the two balls from which the sparks pro- 
ceeded, and the interval between them. The following table 
shows the result : — * 


Gases, 


Kind of 
electricity. 

Mean length of spark. 

Air 


Positive 

0-695 inch 

Air 


Negative 

0-635 

Oxygen . 


Positive 

0-505 

Qxygen . ( . 


Negative 

0-510 

Azotic . 


Positive 

0-615 

Azotic . 


Negative 

0-645 

. Hydrogen 


Positive 

0-370 

Hydrogen 


Negative 

0-275 

Carbonic acid 


Positive 

0-640 

Carbonic acid 


Negative 

0-590 

Olefiant . 


Positive . 

0-750 

Olefiant . 


Negative 

0-730 

Coal gas 


Positive 

0-490' 

Coal gas 


Negative 

0-525 

Muriatic acid . 


Positive 

1-105 

Muriatic acid . 


Negative 

0*720 


But in repeating these experiments there was a considerable 
diversity in the results : hence one would be disposed to infer 
that all the circumstances have not been fully appreciated. 

The discharge passed from a small brass ball, having a 

diameter -of 0*93 inch, to a brass ball having a diameter of 
2*02 inches. * Now, it was observed that the variation in the 
distance at which the sparks passed, was always greater when 
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the small ball was positive, than when it was negative. The Chap. IX. 
following table shows the amount of the range in each gas, in 
fractions of an inch : — 


Gases. 

Positive. 

Negative. 

Air ... 

0-19 

0*09 

Oxygen . 

0-19 

0*02 

Azotic . 

0*13 

0-11 

Hydrogen 

0*14 

0*05 

Carbonic acid 

0*16 

0*02 

Olefiant . 

0*22 

0-08 

Coal gas* 

0-24 

0-12 

Muriatic acid . 

0*43 

0-08 


We see from these experiments that gases have very different 
insulating powers, and, that these powers have nothing to do 
with the specific gravity of the gas. Muriatic acid gas is by 
' far the best insulator of all those tried, while hydrogen gas is 
the wSrst. Nor is air the same as it ought to be, supposing 
it a mixture of 4 volumes azotic and 1 volume oxygen gas. 

Mr Faraday conceives that this insulating power depends upon 
the ease or difficulty with which their particles are made to 
assume the polar direction by induction — a conjecture certainly 
very probable. 

The appearances of the sparks when drawn through differ- Appearance 
ent gases were particularly described by Van Maruin. It will sp ark. 
be sufficient if we give here the observations made on the sub- 
. ject by Mr Faraday. In air the sparks have an intense light 
and bluish colour, and often have faint or dark spots in their 
course, when the quantity of electricity passing is not great. 

In azotic gas they are very beautiful, having the same general 
appearance as in common air, but having a more intensely blue 
colour, verging towards purple. In oxygen the sparks are 
whiter than in air or azotic gas, but scarcely so brilliant. In 
hydrogen they have a very fine crimson colour, which passes 
away as the hydrogen is rarefied. In carbonic acid gas the 
spark is similar to that in air, excepting that it has a little 

green in it. It is more irregular than in air. In muriatic 

acid the sparks are nearly white, and are bright throughout 
never presenting those dark intervals that appear in sparks 
drawn through air, azotic, and some other gases. In coal gas 
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v Jto ll. the spark is sometimes greefi, sometimes red, and, both colours 
often appear in the same spark.* 

“ The spark is a discharge or lowering of the polarized 
inductive state of many dielectric particles, by a particular 
action of a few of the particles occupying a very small *nd 
limited space. Faraday conceives that the few particles whert^ 
the discharge occurs are not merely pushed apart, but assume 
a peculiar state, a highly exalted condition for the time ; that 
is to say, have thrown upon them all the surrounding forces 
in succession, and rising up to proportionate intensity of condi- 
tion perhaps equal to that of chemically combining atoms, dis- 
charge the powers, possibly in the same manner as they do 
theirs, by some operation at present unknown to us ; and 
so the end of the whole. The ultimate effect is exactly as 
if a metallic particle had bfcen put into the place of the dis- 
charging particle ; and it does not seem impossible tlfat the 
principles of action, in both cases, may hereafter prove to be 
the same.” I have given this explanation, of Faraday in his 
own words, because I do not clearly understand it. I could 
form a notion of the particles of air being brought, by induc- 
tion into a state capable of conducting electricity; and the light 
emitted, and constituting the spark, mightff be owing to the 
sudden condensation of the particles of the elastic fluid through 
which the electricity passes. We could thus see why a^fpOTk 
appears when electricity passes through gases, and* riSt when 
it passes through wires. 

The brush is the next form of disruptive discharge after the 
spark. If an insulated conductor, connected with the positive 
conductor of an electrical machine have a metalftod 0*3 inch in 
diameter, projecting from it outwards from the machine, and 
terminating by a rounded end or a small ball, it will generally 
give good brushes ; or, when the machine is in bad order, if 
we approach the hand, or a large conducting surface, to in- 
crease the induction, we may obtain a brush from the rounded 
end of the jure. When the brush is obtained by a powerful 
nmchih^gQ a ball about 0*7 inch in diameter, at the end of a 

* Phil. Trans. 183$, p. 109. 
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long brass rod attached to the prime conductor, it constitutes Chap. ix. 
a kind of cone of light. A short conical bright part, or root, 
appears at the middle part of the ball projecting directly from 
it, which, at a little distance from the ball, breaks out suddenly 
into a wide brush of pale ramifications, having a quivering 
motion, and being accompanied, at the same time, by a low, 
dull, chattering sound.* Mr Wheatstone has shown that the 
brush consists of successive intermitting discharges.! If the 
eye be passed rapidly, by a motion of the eyeball, across tlie 
direction of the brush, by first looking steadfastly about 10 or 
15 degrees above, and then instantly as much below, the 
general brush will be resolved into a number of individual 
brushes, standing in a row upon the lino which the eye has 
passed over ; each elementary brush being the result of a single 
discharge, and the space between them representing both the 
time that the eye was passing over the space, and that which 
elapsed between one discharge and another. 

The brush is in reality a discharge between a bad or a non- Brush, 
conductor, and cither a conductor or another non-conductor. 

Under common circumstances the brush is a discharge between 
a conductor and the air. Mv Faradav conceives it to take 
place in the following manner.} When the end of an elec- 
trified rod projects into the middle of a room, induction takes 
place between it and the walls of the room, across the dielec- 
tric, air , and the lines of inductive force accumulate upon the 
end in greater quantity than elsewhere ; or the particles of air 
at the end of the rod are more highly polarized than those at 
any other part of the rod. The particles of air situated in 
sections across these lines of force, are least polarized in sections 
towards the walls, and most polarized in those nearer the end 
of the wires : hence it may happen that a particle at the end 
of the wire is at a tension that will immediately terminate in 
discharge ; whilst in those only a few inches off, the tension is 
still beneath that point. Suppose the rod charged positively, 
a particle of air, A, next it being polarized, and having of 
course its negative force directed towards the rod, and its 

* Faraday, Phil. Tran?. 1838, p. HO. 

' + Phil. Trans. 1834, p. 586. t Ibid. 1838, p. 111. 
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Part ii. positive force outwards ; thelnstant that discharge take§ place 
between the positive force of the particle of the rod opposite 
the air, and the negative force of the particle of air towards 
the rod, the whole particle of air becomes positively electrified. 
And when, the next instant, the discharged part of the rod 
resumes its positive state, by conduction from the surface of 
metal behind, it not only acts on the particles beyond it, by 
throwing A into a polarized state again, but A itself, in conse- 
quence of its charged state, exerts a distinct* inductive action 
towards th$se farther particles, and the tension is consequently 
so much exalted between A and B (the next particle of air), 
that discharge takes place there also, as well as again between 
the metal and A. 

The brush has specific characters in different gases, indicating 
a relation to the particles of these bodies even in a stronger 
degree than the spark. Faraday found no difference in the 
brush, whatever conductors he used from which the brushes 
originated. He tried wood, card, charcoal/ nitre, citric acid, 
oxalic acid, oxide of lead, chloride of lead, carbonate of potash, 
melted potash, strong solution of potash, oil of vitriol, sulphur, 
sulphuret of antimony, and haematite, without any variation in 
the character of the brushes obtained.* 


Effect of 
gases on. 


The following are the effects which he observed with different 
gases at the positively charged surfaces, and with atmospheres 
varying in their pressure. The general effect of rarefaction 
was the same in all the gases tried: at first sparks pae#&'; 
these gradually were jeon verted into brushes, which becaiiie 
larger and more distinct in their ramifications, until fl^on 
further rarefaction the latter began to collapse and* draw in 
upon each other till they formed a stream across- from conduc- 
tor to conductor: thenafew lateral stiteamsfcsbofc ettfrto wards 
the glass of the vessel from the conductor^ These became 
thick, flossy, and soft in appearance, and were succeeded by 


the full constant glow, which covered the discharging wire. 
Fine posftSve brushes are easily obtained in air at common 



assess a purple light. 


When the air is rarefied, 


* Phil. Trans. 1838, p. 117. 
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the ramifications are very long/ filling the globe, the light Chap. ix. 
is generally increased and is of a beautiful purple colour, with 
an occasional tint of ro§e red. In oxygen the brush is very close 
and compressed, and of a dull whitish colour. When the gas is 
rarefied the form and appearance are better, and the colour 
purplish, but much poorer than in air. Azotic gas gives brushes 
with great facility at the positive surface, far beyond any gas tried 
by Mr Faraday. When the gas is rarefied the brushes are magni- 
ficent. Hydrogen , gas at common pressure, gives a better brush 
than oxygen, but not equal to that in azotic gas. ^In rarefied 
hydrogen the ramifications are very fine in form and distinct- 
ness, but pale in colour, with a soft, velvety appearance ; 
greatly inferior to those in azotic gas. W T hen the gas is very 
much rarefied, the colour of the light is a pale grey green. In ' 
coal gas the brushes are rather difficult to produce ; they are 
short and strong, generally of a greenish colour, and possess- 
ing much of the spark character : in rarefied coal gas the 
forms are better.. Carbonic acid produces a very poor brush 
at common pressures, both in size, light, and colour. In 
rarefied carbonic acid gas the brush is better in form, but 
weak as to light ; being of a dull greenish or purplish hue, 
varying with the pressure. It is vety difficult to obtain a 
brush in muriatic acid gas. On gradually increasing the dis- 
tance of the balls to about an inch, the discharge was silent 
and dark : occasionally a very short brush could for a few 
moments be obtained, but it quickly disappeared again. On 
rarefying the gas the formation of the brush was facilitated ; 
but it was generally of a low squat form, very poor in light, 
and very similar on both the positive and negative balls.** 

It used to be said by electricians, that a point charged 
positively gives a brush to the air, while a point charged nega- 
tively gives a star; but Mr Faraday assures us that this is 
true only of bad conductors, or of metallic conductors charged 
intermittingly or otherwise controlled by collateral induction. 

If metallic points project freely into the air, the positive and 
negative light on them differ little in appearance, and the 


* Faraday, Phil. Trans. 1838, p, 118. 
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yp»rni. difference can be observed only on close Examination. If a 
\ % metallic, wire with a rounded termination in free air, be used to 
produce the brushy discharge, the brushes obtained when, the 
wire is charged negatively are very poor and small; compared 
with those obtained when the wire is charged positively . If a 
large metal ball connected with the electric machine be charged 
positively, and a fine uninsulated point be gradually brought 
towards it, a star appears on the point when at a considerable 
distance ; which, though it becomes brighter, does not lose its 
star form till it is close up to the ball. But if the ball be 
charged negatively, the point, at a considerable distance, ha£ a 
V star on it; but when brought nearer, a brush is formed on it 
extending to the negative ball. When still nearer, the brush 
ceases and sparks are discharged.* 

When sparks are passed between two uninsulated knobs of 
different sizes, far larger sparks pass when the small ball is 
positive and the large one negative, than when they are in the 
opposite states of electricity .f 

The glow. What Mr Faraday calls the glow, is a clear phosphorescent 
light, extending a very little way from the metallic point in air. 
Increased power in the machine tends to produce the glow ; 
for rounded terminations which only give brushes when the 
machine is in weak action, will readily give the glow when 
is in good order. Diminution of the charging surface will, ju s- 
duce it. Thus Mr Faraday found that when a rod 
in diameter with a rounded termination, was rendered Miitive 
by free any it gave fine brushes, but sometimes also %gjow. 
With a wire of 0*2 inch diameter, the glow was moreipadily 
produced; and still mqp6, readily when the diameter of the 
wire was still farther reduced. Its production is vq?y much 
facilitated by rarefying the air. ^ y 

To obtain a negative glow at common pressurj^js difficult. 
A current of wind usually proceeds from or to the glow ; if this 
be interfeijgd with, the glow disappears. Tbfe glow seems to 
depend on a quick and almost continuous charging of the air, 
close to or in contact with the conductor. When electricity 

* Faiaday, Phil. Trans. 1S3S, p. 120. f Ibid. p. 125. . 
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is discharged in rarefied air there is' an extended glow from the Chap. ix. 
negative knoh, and a dark interval at the positive termination.* 

Mr Snow Harris has shown that the distance to which a 
spatk can fly is proportional to the quantity of electricity ac- 
cumulated.t This distance increases directly as the density 
of the air diminishes. Mr Harris has shown also that the 
spark passes through just the same interval when air is heated, 
without altering its bulk, as it does when the air is cold: 
hence heated air is not a conductor of electricity, and heat 
only lengthens the spark by rarefying the air. J < 

When the electric light is examined by means of a prism, Electric the 

0 J 1 same as 

it is found composed of the same seven coloured rays as the solar light, 
solar light. But the proportion of the different rays, and of 
course the colour of the electric spark, varies according to 
circumstances. 

When a given quantity of electricity occasions a spark by 
passing from one body to another, its brilliancy is always the 
greater the smaller the size of the body from which it is 
drawn : hence it happens thkt more brilliant sparks may be 
drawn from a small brass knob, fixed to the prime conductor 
of an electrical machine, than from the prime conductor itself. 

A short spark is always white; but. a very long spark is 
usually reddish, or rather purplish. When we draw a gpark 
from the prime conductor of an electrical machine, by means 
of a metallic knob, the spark is white ; but when we draw it 
by^the hand it is purple. If we draw it by means of a wet 
plant, or water, or ice, the colour is red. The same spark 
will vary in colour according to its length. When short it is 
always white, when very long it is purple or violet. A spark 
which in the open air does not exceed a quarter of an inch in 
length, will appear to fill the whole of an exhausted receiver, 
four inches wide, and eight inches long. In the former case 
it is white, in the latter the light is very feeble, and the colour 
violet. 

Thus the electric spark, like the light from burning bodies, Resembles 

* ° o < ti]($ I tali t 

does not always contain all the rays which exist in solar light, of burning 

* Faraday, Phil. Transl 183$, pp. 136, 138. 
f Phil. Trans. 1834, p. 226: J Ibid. p. 230. 
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: Pan ik Whety the spark is feeble, only the most refrangible rays 
appear; when it is strong all the rays appear together, ren- 
dering the light of the most dazzling whiteness. The elec- 
trical brush is always violet coloured. When a spark is passed 
through a torricellian vacuum, made without boiling the mer- 
cury, the colour is indigo. Now, this 13 precisely what takes 
place in combustion. When the combustion is feeble, the 
^colour of the light is blue ; but when it is strong the colour is 
white. 

^ known that electricity occasions a current in the 

the cSnden- air. This current, indeed, may be felt with the finger, and 
sation ot jj ag j )een frequently employed to produce very rapid motions 
in light bodies. A great variety of amusing exhibitions of 
this sort are usually shown by lecturers on electricity; most 
of which may be found described in the popular treatises on 
electricity, which are in every body’s hands. It is evident 
from this, and from the prodigious rapidity with which elec- 
tricity moves, that when an electric spark passes through air, 
that fluid must be suddenly and enormously compressed. 
Now, it has been shown in the first part of this work, that 
"when air is suddenly compressed sufficiently it gives out light, 
and that the colour of the light depends upon the rapidity and 
extent of the compression. This circumstance has led elec- 
tricians to suspect that the light of the electric spark is not 
inherent in electricity ; but merely the result of the compres- 
sion of the air. 

That air is violently and suddenly compressed |n 
when an electric spark is passed through it, may hep a | 
shown by the following contrivance, for which we are 1 1 
indebted to Mr Kij|ersley of Philadelphia A B, is A |® 
a glass tube about ten inches^^g', and nearly two fin 
inches in diameter. It is closm Iir tight at both o' W| 
ends by two brass caps. ThroUgli a hole in the 1 
upper cap^passes the small glass tube Hp open at MM|| 
both ends, and life bottom of it is plunged into a little B Ml 
water in tftWiower eM of the tube A B. Through E \J | 
the middle* of -#ach. of the brass caps a wire, F G ■ JL 
and E I, is introduced, terminating each in a brass 
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knob within the tube, and capable of sliding through the Chap. IX. 
caps, so as to be . placed at any distance from each other at 
pleasure. If the two knobs be brought into contact, and a 
Leyden jar be discharged through the wires, the air within 
the tubes undergoes no change in its volume ; but if the knobs 
G and I be placed at some distance from each other when 
the Leyden jar is discharged through the wires, a spark 
passes from the one knob to the other. The consequence is,* * 
a sudden rarefaction of the air in the tube, shown by the 
water instantaneously rising to the top of the small tube, and 
then as suddenly subsiding to H. After which it gradually 
sinks again to the bottom of the tube as the air slowly recovers 
its original volume. . 

The most valuable set of experiments which we possess on Only up- 

^ D6ATS when 

this interesting branch of electricity are those of Sir Hum- electricity 
phrey Davy, published in the Philosophical Transactions for through 
1822. By boiling mercury for some time in a bent baro- *^ stIC me " 
metrical tube, shut at one end, through which a platinum 
wire passed, he contrived to form a torricellian vacuum free 
from air. But the vapour of mercury was quite sensible in 
it. In all cases when the mercurial vacuum was perfect, it 
was permeable to electricity, and wa£ rendered luminous by 
either the common spark, or the shock from a Leyden jar, 
and the coated glass surrounding it became charged. But 
the degree of the intensity of this phenomenon depended 
Upon the temperature. When the tube was very hot, the 
electric light appeared in the vapour of a bright green colour, 
and of great density. As the temperature diminished, it lost 
its vividness, and when it was artificially cooled to 20° below 
zero, it was so faint as to require considerable darkness to be 
perceptible. The charge likewise communicated to the tin 
or platinum' foil was higher, the higher the temperature. 

This, like the other phenomena, must depend upon the dif- 
ferent density of the mercurial vapour. # 

In all cases, when the minutest quantity of rare air was 
introduced into the mercurial vacuum, the electric light 
changed from green to sea-green, and, by increasing the 
quantity of air, to blue and to purple; and when the tem- 
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Part IT. .peraturc was low, the vacuum became a much abetter con- 
ductor- ■ , 

A vacuum being made by means of fused tin, the electric 
light at temperatures below 0° was yellow, and of the palest 
phosphorescent kind, requiring almost absolute darkness to be 
perceived, and it was not perceptibly increased by heat. 

Davy tried to form a vacuum above boiling olive oil, and 
above chloride of antimony, which boils at about 388°. The 
light produced by the electricity passing through the vapour 
of the chloride, was much more brilliant than that produced 
by its passing through the vapour of oil — and in vapour of oil 
'it was more brilliant than in vapour of mercury. The li^Jit 
was pure white in the vapour of the chloride, and of a red 
inclining to purple in the vapour of the oil, and, in both cases, 
permanent elastic fluid was produced by its transmission. 

When the temperature was diminished, the electrical light 
(transmitted through vapour of mercury) diminished also till 
the temperature was reduced to 20°. But between 20° and 
— 20° it seemed stationary. 

Unless the electrical machine was very active, no light was 
visible during the transmission of the electricity ; but that the 
electricity passed w r as evident, from the luminous appearance 
of the rarefied air in other parts of the syphon. When the 
machine was’ in great activity, there was a pale phosphor- 
escent light above, and a spark on the mercury below, and 
brilliant light in the common vacuum. A Leyden jar, weakly 
charged, could not be made to transmit its electricity by 
. explosion through the cooled torricellian vacuum ; but this 
electricity was slowly dissipated through it — and when strongly 
charged, the spark passed through nearly as much space as 
in common air, and with a light visible in the shade. At all 
temperatures below 200°, the mercurial vacuum' was a much 
worse conductor than highly rarefied air; and when the tube 
containing it was included in the exhausted receiver, its tem- 
perature being about 50°, the spark passed through a dis- 
tance six times greater in the Boy lean than in the mercurial 
vacuum. * ■ . * 

From these, and various similar experiments related by 
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Davy, it seems demonstrated that electricity is capable of Chap. ix. 
passing through a perfect vacuum, but that the light emitted, 
depends upon the vapour or air through which it passes, and 
that if the vacuum were perfect no light whatever would 
appear. 

The appearance of the electric spark, when it passes through 
water, seems to show that the light is visible < nly when the 
electricity passes from one body to another, not bJS&onduc- 
tion, but through elastic media; for the electric spark may 
be easily made visible in water. But if we add a quantity of 
acid to the water, it is scarcely possible to make the spark 
visible in such a mixture. Now, the addition of an acid in- 
creases verj materially the conducting power of water. 

It was an opinion maintained about thirty years ago, by Supposed to 

. . ; ° ; be owing to 

many eminent experimenters in Germany, that the electric the union of 
light is of the same nature with fire, and that it is formed by electricities, 
tbe union of the two electricities. This opinion appears to 
have been first stated by Winterl ; and, unless I misunder- 
stand Jiitter, he seems to have entertained the same senti- 
ments. But this opinion, though it appears at first sight 
plausible — and though it would he very convenient to be able 
to account so well for the analogy which" obviously exists be- 
tween fire and electricity — will not bear a rigid examination. 

Every person who has seen an electric spark, must be aware But «rro- 
that the passage is so instantaneous that it is impossible to ,iewus h* 
say from which point it proceeds, or to which it goes. If the 
spark be long, that is to say if the distance between the two 
knobs between which it passes be considerable, the presence 
of the tw r o kinds of electricity may be at once observed. 

Suppose one of the knobs attached to the prime conductor of 
an electrical machine, and the other attached to a conducting 
body connected with the earth — the portion of the spark 
nearest the prime conductor of the machine exhibits all the 
characters which distinguish positive electricity — while the por- 
*ion of the spark nearest the other knob, exhibits the charac- 
ters of negative electricity. There can be no doubt, therefore, . 
that every spark is Composed of the two electricities. When 
two charged bodies are placed within the striking distance, 
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yi»art 1L. no spark will pass unless the one body be charged w,ith posi- 
tive, and the other with negative electricity. The two elec- 
tricities are attracted towards each other, advance at the same 
instant from each of f the charged bodies, and uniting together 
somewhere between the two knobs, all symptoms of electricity 
are at an end. When a spark is short, the whole distance 
between the two knobs through which it passes, is equally 
illuminated; but when the spark is long, those portions of 
it which are next the knobs, are much brighter than* towards 
the centre of the spark. Near the knobs the colour is white, 
but towards the centre of the spark purplish. Indeed, if the 
spark be very long, the middle part of it is not illuminated at 
all, or only very slightly. Now, this imperfectly; illuminated 
part is obviously the spot where the two electricities unite, 
and it is in consequence of this union, that the light is so 
imperfect. 

From all this, it is sufficiently obvious that bQth,the electri- 
cities, when in an insulated state, are capable of giving out 
a brilliant light; consequently the electrio*>spark cannot be 
owing to the two electricities combining tOgjfillfepr. Whoever 
has observed the passage of long sparks from one body to an- 
other, cannot but have remarked, that' (Ire place where the 
light is the least, or where there is an interval of no light, 
lies much nearer the negative than the positive knob. In 
general, about two-thirds of «the spark consist of positive 
electricity, and about one-third of negative electricity. The 
cause of this difference between the length of the two electri- 
cities in such cases, we have uo means of explaining. 
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CHAPTER X. 

OF ELECTRICITY BY FRICTION. 


It has, been stated in a former chapter, that when two elec- 
trical bodies are rubbed against each other, both are excited ; 
the one becoming positively electrified, and the other nega- 
tively, The state induced depends upon the bodies rubbed, 
and a table was given showing the order in which various 
bodies may be placed so as to indicate which of the two, when 
rubbed against each other, wilf become positive, and which 
negative.* This law may be extended to all bodies, both 
no^-conductors and conductors; only that when we employ 
conducting bodies, we must take the precaution to insulate 
them before rubbing them against each other. So slight are 
the circumstances which occasion the kind of electricity 
evolved in each body, that it is very difficult to investigate the 
subject. * 

If we take two ribbons of white silk, cut from the same Negative 
piece, and make them rub against each other, while they cross evolved by 
each other at right angles, the piece which crosses the other 
transversely assumes negative electricity, while the other be- 
comes positive. In this case, ^he points of the ribbon that 
become negative are obviously exposed to a greater degree of 
friction than those of the other ; they are subjected to greater 
agitation and become more heated. These it would appear 
are the conditions requisite to induce negative electricity. A 
similar effect is sometimes produced by rubbing two sticks of 
sealing-wax, placing them at right angles to each other. The 
one which crosses the other at right angles experiences the * 
greatest friction, and sometimes rubs off small particles of the 
other. In this case the two electricities, though disengaged, 

• 

* See Chapter I„ page 326. 
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reunite immediately if the ttto sticks are left in contact of each 
bther. It seems to follow from these ^examples, that when 
two bodies are rubbed against each other, the one which 
experiences the greatest friction becomes negative, and the 
other positive. ^ 

Hence the reason why, when smooth glass and roujp glass 
are rubbed against each other, the rough glass beo^es nega- 
tive. Its particles must be more agitated and displaced than 
those of the smooth glass. 

M. Dclarive found that when we pass thdf finger, or any 
substance whatever, o\er a metallic' surface ip contact with 
one of the plates of the condenser, there is a sensible dis- 
engagement of electricity. To make this** experiment, the 
hand must be dry. If it be moist, no effect is produced.* 
The metals rubbed by the hand do not all take the same kind 
of electricity ; antimony, for example, becomes negative, and 
bismuth positive— the reverse of what happen^ when the tvro 
metals are rubbed against each other. 

When we employ as a rubber .ivory, horn, cork, or wood, 
the following metals becoitfe negative : — 


Rhodium 0 

Tellurium 

Platinum 

Cobalt 

Palladium 

Nickel 

Gold 


ing metals, 


Silver 

Brass 

Copper 

Tin 


are also usually negative, but sometimes positive, especially 
tin. 

Antimony is generally strongly negative, though sometimes 
also it is observed positive. The kind* of electricity assumed 
by iron and zinc is very variable. Lead and bismuth are 
always positive. 

To styKfy the causes of these differences, we must form, 
with different metals, such as antimony, bismuth, and lead* 


* Mem. do la Soc. de Physique et d*H. N. de Geneve, vi. 170. 
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and those which develape the opposite electricity, such as tin, Cfrap. 
zinc, and iron, cubes having a square inch for each side, in 
order to operate sometimes on the most or least polished faces 
and sometimes on the edges. The following are the results 
obtained by operating in this way : — In very dry air, and 
when the finger or rubber is dry, the uncertain metals, or 
those which assume contrary electric states, are always nega- 
tive, whether the surface rubbed be polished, rough or oxy- 
dized. When the surface rubbed is large, the metal becomes 
positive, if we draw the rubber along its whole extent ; and 
most easily when we rub it with cork. 

An augmentation of temperature in one of the two bodies 
increases the effect, and modifies its nature. Iron, tin, and 
zinc, exposed immediately to a high temperature, and rubbed 
on a smooth surface, give most commonly positive electricity, 
and negative when they are rubbed upon the edges. The 
greater or less rapidity of the friction has no effect upon the 
kind of electricity induced. 

M. Delarive explains these, and many similar phenomena, Hhexplau- 
from this principle, which he'assumes as true, that “all metals 
when they are rubbed by the hand, cork, wood, &c., become 
negative provided they be rubbed upon a rough surface.” 

He ascribes the change in the kind of electricity which these 
metals exhibit, to the property which certain metals have of 
forming a thin coat of oxide on their surface. This is removed 
by rubbing, so that the friction no longer takes place between 
the metal and wood, but between the metal and the coat of 
oxide which covers the surface of the rubber, the metal being 
always positive with respect to this oxide. When the coat of 
oxide is thick and cannot be removed, the friction takes place 
between the rubber and that oxide. In this case the metal 
contributes nothing to the kind of electricity induced. 

We obtain more readily signs of positive electricity in these 
metals when we rub them with cork or caoutchouc, because 
the k gentler* the friction the more easily is the coat of oxide 
removed. These results of Delarive show the precautions 
which ought to be taken in making experiments relative to the 
disengagement of electricity by friction. 
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* The state of the surface has such aa effect in these experi- 
ments that in cyanite certain faces become positive when 
rubbed, and others negative, without it being possible to dis- 
cover any difference between them.* 

Coulomb's experiments are calculated to throw some light 
upon this subject. They were made known to the scientific 
world by M. Biot, who had in his possession the manuscripts 
of this celebrated philosopher.! A ribbon of hot paper rubbed 
against white linen cloth becomes always negative. The 
same thing happens wlien.it is rubbed against a metal, unless 
this latter has a great degree of polish, in which case it gives 
sometimes very feeble indications of positive electricity. 
When rubbed against white silk cloth, it becomes equally 
negative; but when both bodies have the same temperature, 
the paper gives frequently v£ry weak signs of positive electri- 
city. When hot paper is rubbed against black silk, it always 
assumes positive electricity ; but wheir the black silk is half 
worn, the hot paper acquires negative electricity. * 

A hot ribbon of white silk always becomes negative mpn 
rubbed against metal; but if we" allow it to cool, it givij^rery 
weak indications of positive electricity when the metdKf ^finely 
polished. A black silk ribbon, whether hot or coldpbecomes 
always negative when rubbed against a metal, wither the 
metal be polished or not. When the ribbon has but little of 
the silky texture, it sometimes gives signs of positive elec- 
tricity. . 

When a piece of silk cloth is agitated with a certain rapidity 
in the air, it becomes negatively electric ; the air of course 
ljjtyuet become positive. 

*A ribbon of silk, paper, or linen, rubbed against the skin 
of an animal still covered with hair, always becomes negative, 
and the intensity is always greater than when other rubbers 
are used. 

All these examples favour the opinion stated at the begin- 
ning of this chapter, that those animal and vegetable tissues 
whose parts are the n$6st lax, and which therefore experience 

. * Hauj^lVaite de Mincralogie, iii. 226. 

f Traitd dc Physique, ii. 354. 
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a greater r displacement than metallic bodies against which chap. x. 
they are rubbed, acquire negative electricity. It would appear 
also that heat disposes bodies to assume the state of negative 
electricity. By separating the particles of bodies farther from 
each other, it brings them under the class of bodies whose « 
surfaces are covered by slight asperities. 

The experiments of M. Dessaignes confirm these notions.* 

He studied the effect produced by immersing bodies in mer- 
cury. He distinguished three kinds of iiftmersions, namely, 
rapid, slow, and leaving the body in the mercury for some 
time. The substances before their immersion were kept in a 
glass jar containing quick-lime, that they might be as dry as 
possible. Glass, sulphur,, sealing-wax, and amber, at the 
temperature of 50°, do not become electric wheu immersed in 
either of these modes, nor though the temperature be raised 
as high as 641°, provided that of the mercury keep pace with 
it : amber begins to assume electric properties at 52°, sealing- 
wax at 59°, and glass at C8°. These bodies must be left in 
the mercury till the equilibrium of heat be restored; they 
must then be withdrawn slowly. Between 192° and 212 ° all 
electricity disappears, even when the jmmersion is rapid. 
According to Dessaignc' s , none of tfiese four bodies are 
electric unless the immersion be accompanied by mechanical 
pressure. 

He found that cotton, paper, and linen, became very electric 
when immersed in any of the three modes between 50° and 
192°. Glass, sulphur, amber, and sealing-wax, are always 
electric when they are a little hotter than the mercury : one 
or two degrees is sufficient. A cylinder of glass at 212° dops 
not become electric when plunged into mercury at 64°; nor, 
supposing the glass at 64°, does it become electric when 
plunged into mercury between 140° and 176°; but it becomes 
electric when the temperature of the mercury is between 104° 
and 122°. 

With respect to the kind of electricity, M. Dessaignes 
found that when the mercury in the barometer is rising, and 


* Jour, de Phys. Ixxiu, 230. 
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JWtffc, the temperature of the atmosphere becoming colder, glass, 
atnber, and sealing-wax, cotton, silk, and linen, when plung- 
ed, into mercury are always negative; but they are positive 
when the barometer is falling and the atmosphere Becoming 
warmer. Sulphur was always positive. During summer he 
always found these bodies positive in impure, and negative m ; 
pure mercury. 

Cold, as well as heat, destroys the electricity in these ex- 
periments. * 

We see in these results, that w ith respect to amber, sulphur, 
sealing-wax, and*glass bodies, the particles on the surface of 
which are not easily displaced, simple contact with mercury 
does not evolve electricity, but that we must produce an agita- 
tion on their surfaces ; while with cotton, paper, and linen, 
the particles of which arc easily deranged in consequence of 
their elasticity, a slight agitation is sufficient to produce 
^electric phenomena. 

M. Dessaignes tried also what was the influence of heat and 


cold on metals to modify the state of their electricity wfy 
rubbed against other bodies. The metals tried were 


led 


uring the 


bismuth, zinc, antinjonj, and lead. These metals w 
down to 32°, do not “become electric by friction. o . 

great heats of summer the state of their electridkly is quite the 
reverse of what it is ig, winter. In summer, heating renders 
them positive, and t&cy become negative on cooling. The 
reverse happens in winter. , 

, M. Dessaignes affirms also, that the density of the air I14S. 
an influenee on the electricity of these metals. When thp 
J^roraetcr is high and the wind north-east or north-west, the 
rnftals are highly electric. In such a case they are alwj^p 
positive when the temperature of the air is increasing* ^and 
negative when it is diminishing. - 

In the present imperfect state of our knowledge, I liawp 
thought it right to state all the important facts respecting the 
evolution by friction, as they have been collected 

by M. Bejgtjuerel,^ though the explanation of them is not Very 


* Traite de l’Elcctricitd, ii 121. 
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obvious. Those of Dessaignes in particular seem of difficult p»*p. Xi. ' 
explanation. New experiments are still wanting to enable us 
to construct even a plausible theory. 

CHAPTER XI. 

OF ELECTRICITY BY HE±T. 

It has been long known that heat produces considerable changes 
upon the conducting power of various bodies. Some of the 
best electrics become conductors, when heated sufficiently. 

Thus glass when heated to redness, becomes a conductor.* In Heat ren- 
like manner resins when melted become conductors. Baked conductors, 
wood at the common temperature, is a non-conductor ; but 
when heated very hot, as whefh just taken out of the oven, it * 
is a conductor. Dr Pries.tley observed, that a charge could 
not be passed through melted tallow.f Though there can be 
no doubt that it conducts much better than cold tallow. 

But much new light has been thrown # upon this subject by 
the experiments of Faraday. In the sixth chapter of this 
treatise, an abstract of these experiments has been given. He 
has shown that many bodies which are non-conductors in their 
solid state become conductors when melted. A table of fifty 
bodies which arc in this predicament has been given in page 
376 of this work; while twenty-five bodies are enumerated 
which are non-conductors both while solid and fluid. Nor can 
any satisfactory explanation be given of the cause of this *et 
Ixnarkable difference ; but as these bodies are changed from a 
solid to a liquid state by the addition of heat, it seems to follow 
tliat in many cases at least, heat has a tendency to increase the 
conductibility of bodies. Faraday conceives that the conducti- 
bility is favoured by liquidity, because when bodies are in a 
liquid state their particles can more easily assume that polar 
state which he considers as the sole cause of conductibility. 

* ** Priestley; Hist, of Electricity, p. 610. + Ibid. p. 615. 
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PartH. B u t jf this were the only reason, it is not easy to see why 
every solid body should not become a conductor when liquified. 
Electricity The magnetic needle is so delicate a test of the presence of 
heating two an electric current, however small, that it has enabled men of 
aw * * * §ftl8, science to discover its existence, where it was not before sus- 
pected to exist. Seebeck discovered that if a bar of antimony, 
A, (see fig. in the margin,) eight » 

inches long, and about an inch / 
wide, have a slip of copper B, or | — y- 

a copper wire soldered, or firmly A 

tied to its two extremities, and 

bent into a rectangular shape, if we apply the heat of a lamp 
to one of the extremities of the antimony bar, a needle placed 
within the current as at C, will be deflected from the magnetic 
meridian, and will tend to place itself at right angles to the 
antimony bar ; showing that a current of electricity is passed 
through the circuit composed of the antimony and copper.* 
Dobereiner repeated this experiment, the bar A being of an* 
timony, and B of copper, found that the heat of the hand wtos 
sufficient, when applied to one of the extremities of A, to cause 
the needle to deflect ten or twelve degrees from the magnetic 
meridian.t 


Of the metals, bismuth and antimony are the two which 
produce the greatest effect, when they are used together ; 
bismuth being the most negative, and antimony the most posi- 
tive of all the metals hitherto tried as thermo-electrics. 

ttometals * An ^ m P ortan ^ ser i es °f experiments was made upon the 
metals, as thermo-electrics, by Dr Trail of Edinburgh, and Mr 
Scoresby,t and likewise by Professor Cumming of Cambridge.§ 
He found the order of the metals, as thermo-electrics, begin- 
ning with the most negative, and teiminating with the most 
positive, as follows : — 


* Annals of Philosophy, (2d Series,) iv. r 318. And Gilbert’s Annalen 
der Physik, lxxfii. 430. 

+ Ibid. p. 115. 

t Edinburgh Phil. Trans, ix. 465, and Annals of Philosophy, vi. 449. 

§ Annals of Philosophy, (2d Series,) v. 427 ; vi. 177, 288, 322. 
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1 Galena 

Rhodium 

2 Bismuth 

Gold 

3 Mercury ) 

{ opper 

4 Nickel / 

Ore of iridium and osmium 

5 Platinum 

Silver 

6 Palladium 

Zinc 

7 Cobalt ) 

Charcoal I 

Manganese J 

Plumbago J 

8 Tin 

Iron 

Lead 

Arsenic 

Brass 

Antimony 


The place of tellurium in the series is iriimediately above an - * 
timony. 

Every one of the metals in this series gives a western de- 
clination to the north pole of *a magnet placed immediately 
below it, when it is united with any of those that precede it 
in the list ; and an eastern declination when it is united with 
any of those that follow it in the series; it being understood 
that a portion of the circuit is heated by the application of a 
spirit lamp. 

It is obvious that the above order of the metals is very dif- 
ferent from that which they follow when placed in the galvanic 
pile along with liquid conductors. No satisfactory explanation 
of this difference has yet been given. It is probably connected 
with the goodness of the metals, as conductors of heat. 

In order to produce thermo-electric effects, it is not neccs- Heat not 
sary to apply heat. Any thing which alters the temperature 
in one part of the chain, from that of the rest, occasions a effccts * 
deviation in the declination of the magnet: for example, if wc 
produce cold in any part of the antimony bar, by applying 
ether to it, and allowing it to evaporate ; or if we cool it by 
the application of ice. The greatest effect of all is produced 
on the magnet, when one part of the bar is heated, and the 
other cooled. . It is evident from this, that the evolution of 
electricity depends upon the difference in the temperature of 
different parts of the metallic chain. 

Seebeck has even ascertained, that in order to produce 
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thermo-electric effects, two different metals are not necessary.* 
A single metal will answer, provided there be differences in its 
texture and cohesion. Seebeck cast rings of antimony, bis- 
muth, and zinc, and took care that certain parts of them were 
cooled much more rapidly than others. The parts rapidly 
cooled assumed a fine grained texture, and a greater degree 
of density, while the other portions of the ring that were slowly 
cooled became crystalline in their texture. When these rings 
were heated at the point of contact of the different textures, 
they acted upon the magnet. There is a curious experiment 
of # Becquerel, which proves the same thing. He heated to 
redness, one of the ends of the wire which constitutes the mul- 
tiplier of Schweigger, and brought it, while in this state, in 
contact with the other end of the wire which was cold. The 
needle immediately suffered a declination, showing the evolu- 
tion of a current of electricity. The thicker the wire of the 
multiplier is, the more easily does this experiment succeed ; 
probably because the difference of temperature immediately 
disappears in very small wires. When the two extremities of 
the multiplier arc soldered together, or when heat is applied 
at a distance from the point of contact, no sensible action is 
produced on the magnet. But if we touch the wire in the 
neighbourhood of the heated place, with a thick cold wirp of 
the same metal, the magnet is immediately affected. It #ould 
seem from this, that a mere difference of temperature is not 
sufficient to evolve electricity, but that the heat must 'also be 
abstracted more rapifdly from one of the sides of the heated 
point, than from the other side. 

Even liquids may be made tq act as thermo-electrics. See- 
beck found that concentrated acids — for example, the suj^huric, 
nitric, and muriatic— occupy a place above bismuth, while the 
concentrated fixed alkalies stand at the other extremity of the 
series below antitfrdny. When the acids are diluted with 
water, they approach the middle of the series. But water pro- 
duces no effect upon the alkalies. Water and liquid ammonia 
occupy very nearly the iniddle of the series. 

ji . . 

* Gilbert V Atinalen der Physik, lxxiii. 431. . *■ 
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Professor Cumming discovered, that 
rotatory motions may be induced by 
thermo-electrics, as well as by common 
electro-magnetism. The figure in the 
margin represents the contrivance which 
he employed. Platinum and silver 
wires were soldered together, poised 
upon a magnet and heated by a spirit B 
lamp. A B D C represents the pla- 
tinum wire, Abe defC the silver wire. 

N S is the magnet, c N the support of 
the wires, and L a spirit lamp. The 
platinum wire is so much thicker than 
the silver wire, that the part A B balances the projecting part 
of the silver wire def C. A wire is attached to d e at right 
angles, with a small weight to counter-balance B D C.* He 
afterwards found it more convenient to bend the parallelogram 
into the form of a semicircle. When the lamp and magnet 
arc placed opposite to each other, the rotation is produced. 
But the effect is improved by placing another magnet 90° from 
the first, having its poles in the contrary direction, and being 
connected^ with it by a bar of soft iron placed beneath them. 
With this arrangement, the rotation will be from right to left, 
or from left to right, according to the position of the lamp.t 
Upon the subject of thermo-electricity, we refer the reader 
to Bccquerers Traik de I'Ekctricitc et du Magnetism^ (ii# 
34.) He has shown that heat does not exalt the electricity of 
a charged Leyden phial, that when a single wire in communi- 
cation with a delicate condenser is heated in one point, while 
the rest is kept cool, the hot portion becomes positively electric, 
while the next portion is negative, and that these two states 
make their way along the wire as the heat advances, and that 
thus a current of electricity is evolved. He has also investi- 
gated with much ingenuity the intensity of currents induced 
by difference of temperature in different metals soldered •to- 
gether, and though he has not been successful in discovering 



* Annals of Philosophy (2d Series), vi, 179. 


t Ibid. p. 436. 
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the law which this intensity follows, he has determined several 
points of considerable importance. 

But heat not only alters the conducting power of bodies, 
and induces currents of electricity in conductors V there are 
some bodies, which, when heated, become charged with elec- 
tricity, both positive and negative, and which when thus ex- 
cited, retain their charge for a considerable time. The most 
remarkable of these bodies is the tourmalin . 

The tourmalin is a hard crystallized mineral, which occurs 
in granite, and mica slate. It has been observed also imbed- 
d^ in dolomite, at St Gothard. The primary form of the 
crystal is an obtuse rhomboid, but it occurs most commonly 
crystallized in three, six, or nine-sided prisms, terminated 
sometimes by three-sided, sometimes by six-sided pyramids, 
and sometimes by other terminations, which are minutely de- 
scribed by crystallograpliers. 

This mineral appears to have been known to the ancients, 
and seems to be mentioned by Theophrastus, under the name 
of lyncurium, Xvyxvpov.* According to Theophrastus, it has a 
fire colour, and is formed from the concreted urine of the lynx. 
The first modern writer who notices it is Lemery, who had 
obtained a specimen from Ceylon, which he exhibited to the 
members of the French Academy under the name of a magnet-,! 
He notices, though rather inaccurately, the property whiefa 
it has of attracting light substances to it. It was employed 
by jewellers for ornamental purposes, and they observed that 
when heated, it acquired the property of attracting light bodies, 
as ashes, to itself ; on that account it was called by th^ Dutch 
asckentrecher ,' and by the Germans schenzieher , ( attractor of 
ashes.) ^Epinus having been informed of this property by 
Lehman, naturally referred it to electricity. He was fortu- 
nate enough to procure a tourmalin of considerable size, which 

** #•- 

* n<g} A.ifov, c. 50. “ The lyncurium , which is likewise used for en- 

graving seals on, .and is of very solid texture, like a stone. It has also 
an attractive power like that of amber, and is said to attract not only 
straws and small sticks, but even eppper and iron if in small fragments, 
(xurrof). Such is the statement of Modes.** 

t Hist, de l’Acadcmie Royab$7l7, p. 7. 
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enabled him to investigate the electrical phenomena exhibited Chap, xi. 
by this curious mineral. The result of his observations was 
published in the Memoirs of the Berlin Academy for 1756.* * * § 

In the year 1766, Bergman published in the Memoirs of 
the Stockholm Academy, a memoir on the tourmalin, in which 
he describes its electrical characters with accuracy and in 
sufficient detail. Very little has been added to this important 
paper, which details all the electrical properties of the tour- 
malin with great accuracy .f Canton had already in 1759, 
mentioned the important fact, that if a tourmalin while pos- 
sessed of polar electricity be broke in two at the neutral poLpt, 
each fragment will possess two poles electric, like the whole 
crystal before it was broken.! Among the more modern in- 
vestigators of the electric properties of the tourmalin, may be 
mentioned M. Becquercl§ and* Professor Forbes || of Edin- 
burgh. 

When the tourmalin is heated, one of the ends of the crys- ® 1 * l ct ” c j > t y 
tal becomes positive and the other negative, and when the the tour- 
stone begins to cool, both extremities change the state of their malm ' 
electricity. Bergman showed that the electrical state of the 
tourmalin when it is heated may vary in the five following 
ways : — • 

One of the poles. ; The othc 

1 + . . . — 

2 + ... + 

3 — ... — 

4 + ... 0 

5 — . . . + 

The pole3 assume the same state (whether positive or negative), 
if one of them be in the act of cooling while the other is 
heating. 

One pole becomes positive while the other continues neutral 

* Collection Academique, ziii. p. 247. 

f This paper appeared also in the Philosophical Transactions for 1766, 
p. 236. An interesting historical account of the tourmalin will be found 
in Kong* Vetenshaps Acad . Handlinger for 17 66, p. 89. 

t See Priestley’s History of Electricity, p. 323. , 

§ Ann. de Chim. et de Phys. xxxvi. 1. 

|| Transactions of the Royal Society of Edinburgh. 
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*Fart IT. if one extremity of the crystal be heating or cooling while the 
other extremity is stationary. 

One pole becomes plus and the other minus, when the whole 
crystal is exposed t once to an equal heating or cooling pro- 
cess. 

Hauy first observed that those crystals of tourmalin only 
become electric by heat, whose terminations deviate from the 
law of symmetry.* 

To observe all the elec- 
trical phenomena of the 
tourmalin which have just 
been stated, we place the 
tourmalin in a slip of paper 
suspendedhorizontally with- 
in a glass cylinder by a 
single thread of raw silk ; 
this cylinder reposes on a 
metal plate which is heated 
by means of a spirit lamp 
below it. In proportion as 
the inside of the cylinder 
becomes heated, the tour- 
malin becomes electric, in 
consequence of the eleva- 
tion of its temperature. We 
have only to present to it a body weakly charged with elec- 
tricity to observe the attractions and repulsions. A thermo- 
meter placed within the cylinder indicates the temperature. 
The following are the results obtained by M. Becquerel with 
a brown tourmalin, slightly transparent, about 1*2 inch long, 
and 0*12 inch in diameter.f 

At 86°, the electric polarity began to be sensible on the ap- 
proach of a body feebly electrified. It continued to the tem- 
perature of 300°, and even beyond it, provided that the 
temperature did not cease to increase; for as soon as it be- 
came stationary, the polarity vanished. It appeared again, 

* Tr&ite de Mineralogie, iii. 44. t Traite de 1’ Elec trie ite, ii. p. 61. 
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but of the opposite kind when the temperature began to sink. Chap. XI. 
The charge is very quick, yet the intensity of each pole is 
not as the rapidity of heating or cooling. 

Having thus seen what passes when every part of the tour- 
malin is equally heated or cooled at the same time, let us see 
what happens when one of the extremities receives more heat 
than the other. Enclose each end of the tourmalin in a small 
glass tube/ filling the end as exactly as possible, then tie the 
tourmalin by the middle to a glass tube by means of a platinum 
wire. If we now heat one of the ends — the one, for example, 
which becomes positive while heating — this end will acquire 
heat from the tube in which -it is enclosed, will assume the 
same temperature with it, and will then begin to fall. As 
long as the other end does not acquire heat, it will have only 
one pole, namely, the heated end* which will be positive while 
heating, and negative while cooling, while the other end re- 
mains neutral. This curious phenomenon constitutes a kind 
of paradox in electricity. In all other cases the two electri- 
cities are always evolved together ; but here one appears with- 
out any trace of the other. It would seem from this, that 
when we heat the two ends of a tourmalin unequally, each 
extremity assumes a state of electricity independent of the 
other ; for if the other extremity begins to acquire or to lose 
heat, it assumes a positive or negative state, but remains 
neutral as long as the temperature continues unchanged. The 
end not heated may be kept cool by putting it into a small 
tube filled with ice. 

Tourmalins, even from the same locality, vary so much in 
their electric intensity, that it is necessary to try each before 
we can be sure of its activity. The black opaque tourmalins, 
usually called schorls , are seldom electric ;* but I have found 
brown, green, and red transparent crystals possessed of electric 
properties. Two modes are followed to render them electric, 
namely, slow and rapid heating and cooling. The first is ex- 
emplified in Becquerers experiment above described. The 
second mode consists in transporting the cold tourmalin into 

* Becquerel assures us, that certain black and opaque tourmalins have 
decided electric properties. 



426 


ELECTRICITY. 


Part II. 


Explana- 
tion of 
those phe- 
nomena. 


a hot place, and observing what happens while it i 9 heating. 
It is then taken and allowed to cool by putting it into a cold 
place. Tourmalins of great energy become electric by both 
modes, those of little energy only by the second method; while 
there are some that cannot be rendered electric by either the 
one or the other. 

M. Becquerel tried a tourmalin, very slightly translucent 
on the edges, 4*15 inches in length, and 0*79 inch Ita diameter, 
but could not succeed in obtaining electric excitement by any 
method which he could devise. He found that a tourmalin 
which could not be made electric by heat, being broken in two, 
each half of it could be readily excited in the usual manner. 
It would appear, from his experiments, that a certain length 
of crystal is incompatible with electric excitement, and that 
short tourmalins (provided they be sufficiently translucent) 
have more intensity than long ones. 

When the tourmalin is once excited by heat, it retains its 
electricity for a long time, if care be taken to place it upon 
non-conductors. iKpinus has found it electric after an interval 
of six hours.* 

Thus the tourmalin possesses the characters of a charged 
Leyden phial, one of its poles being positive, the other^ga- 
tive. iEpinus showed that if these poles be coated witt^iflfbil, 
they may be discharged precisely in the same way as 4rLeyden 
phial. The great difference between the charged tourmalin 
and the Leyden phial, is the method of charging. In the 
tourmalin, in order to produce a charge, we have nothing more 
to do than to apply equable heat. Can any explanation of 
this curious mode of charging be offered ? 

If we melt sulphur in an iron cup, and allow it to cool after 
iiisulating the cup, we shall find that the sulphur is charged 
with negative electricity, and the iron with positive. Some- 
thing similar to this must take place in the tourmalin. It must, 
be composed of a number of elements similar, as far as their 
electrical properties are concerned, to the sulphur and iron : 

* These facts, as stated by jEpinus, if accurate, seem inconsistent with 
the statement of Canton and Becquerel, that the electricity is only devel- 
oped while the stone is changing its temperature. 
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and it can be shown that if we suppose the tourmalin so con- Chap. XI. 
stituted, (since the stone is a non-conductor,) heat would pro- 
duce the very electrical phenomena which distinguish and have # 

given celebrity to this mineral. 

Suppose we have a number of glass plates coated at the 
centre on each side with a piece of tinfoil, while the rest of the 
disc is covered with varnish to prevent the bad effects of mois- 
ture upon the glass. Let these plates be placed parallel to 
each other upon a non-conducting body about an inch asunder, 
and let the contiguous plates communicate with each other by 
means of a slip of tinfoil pasted on. From the last glass plate 
a chain passes communicating with the ground, while the first 
plate communicates with the prime conductor of an electrical 
machine. By means of this machine let the plates be charged 
with electricity. Let the apparatus be now insulated and 
examined. It will be found similar to the tourmalin. The end 
next the electrical machine will be charged with positive electri- 
city, the end farthest off will be charged with negative electri- 
city, while the central portion will be neutral. Indeed, neither 
the positive nor negative electricity extends sensibly beyond the 
4th plate from either extremity. Thd 24 middle plates are sensi- 
bly neutral. If this apparatus, while thus charged, were broken 
in two, we should find that both the halves possessed exactly the 
characters of the whole pile. The two«extremities of each half 
would be charged with positive and negative electricity, while 
the central portion would be neutral. Such a pile, therefore, 
represents precisely the state of the excited tourmalin ; and 
therefore serves to throw light upon the nature of that stone. 

The tourmalin is not the only mineral which acquires elec- 
tricity by heat. There are several others, some of the most 
remarkable of which it will be proper to enumerate 

There is a hill of sulphate of lime, called Kalkberg, situated ^Sarto 
near Lunebourg, in the dutchy of Brunswick, in which small the tour- 

i p _ r™ . . _ malin in its 

cubic crystals are found. These cubes are white, have a electric pro- 
specific gravity of 2*566, and are composed of two atoms 0 f pertles * 
boracic acid combined with one atom of magnesia. They are 
distinguished among mineralogists by the name of boracite . 

If we examine the cubic crystals of boracite, we shall find that 
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part H. only four of the solid angles are complete, constituting alter- 
nate angles, placed at the extremity of two opposite diagonals 
at the upper and lower surface of the cube. The other four 
solid angles ‘are replaced by small equilateral triangles. 
When the boracite is heated, all the perfect solid angles becomp 
charged with negative electricity, while all the angles replaced 
by equilateral triangles become charged with positive electricity. 
So that the boracite has eight poles ; four positive, and four 
negative. These are obviously the extremities of four dia- 
gonals connecting the solid angles with each other. One ex- 
tremity of each of these diagonals is charged with positive, 
and the other extremity with negative electricity. In general 
the electricity of boracite is not so strong as that of the tour- 
malin. This curious law of the excitability of the boracite 
and of its eight poles, was discovered by Hauy, in 1791.* 
SJmin* 0 " Axinite, t mesotype 4 and the silicate of zinc 9 \ are also 

erais. minerals, which become electric when heated, and which, like 
the tourmalin, exhibit two opposite poles, the one positive, the 
other negative. It is not every crystal of axinite and mesotype 
which possesses this property ; but those only which are desti- 
tute of symmetry ; that is to say, one of whose extremities is 
shaped differently from the other. No doubt this remark 
applies also to the silicate of zinc ; though the crystals of that 
mineral being usually acicular it is not so easy to determine, by 
observation, the degree of symmetry which they may possess. 

The topaz& prehnite>% and the titaniferous mineral called 
sphene 9 are also capable of being excited by heat, and have two 
opposite poles like those already mentioned. 

Sir David Brewster has added to this catalogue of bodies, 
becoming electric by heat, the following substances ; — 1| 


Scolezite 
Mezolite 
Calcareousspar 
Yellow beryl 
Sulphate of barytes 
Sulphate cf strontian 
Carbonate of lead 


Diopside 

lied and blue fluor spar 

Diamond 

Orpiment 

Analcime 

Amethyst 

Quartz of Dauphine 


* Hauy’s Mineralogie, ii. .60, 2d Edition, t Brard. J Hauy. $ Canton. 
|| Ann. de China, et de Phys. zzviii. 162. 
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Idocrase 

Mellite 

Native sulphur 

Garnet 

Dichroite 

Rochelle salt 

Tartaric acid 

Oxalate of ammonia 

Soda-sulphate of magnesia 

Sulphate of ammonia 
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Sulphate of magnesia t 
Prussiate of potash 
Sugar 

Acetate of lead 
Carbonate of potash 
Citric acid 
Chlorate of potash 
Chlorate of mercury 


But M. Becquerel has thrown some doubts about the ac- 
curacy of the method employed by Sir David Brewster, to 
detect the existence of pyro-electricity in these bodies.* The 
probability is, that those crystals only become electric by heat 
which derogate from the law of symmetry. 


CHAPTER XII. 

OF ELECTRICITY BY PRESSURE. 


It is natural to expect that the dilatation and compression of 
the particles constituting the surfaces of bodies will have an 
effect upon the development of their electricity. iEpinus was 
the first who ascertained the truth of this presumption by actual 
experiment. He pressed two plates of glass together, taking 
care to avoid friction, and found, when they were separated, 
that one of them was positive and the other negative. Hauy 
observed that Iceland spar and several other crystallized min- 
erals, became electric by simple pressure between the fingers# 
He found the same property in several other minerals, though 
not so much marked as in Iceland spar. The topaz, euclase, 
arragonite, fluor spar, carbonate of lead, and rock crystal, give 
signs of electricity when pressed.f M. Libes fixed an insulat- 
ing handle to a metal disc, and pressed it (holding it by the 

* Trait6 de TElectricite, ii. 69. 
tHauy; Mineralogie, i. 188, 2d edition. . 
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Pirt 1 i» f handle) against a piece of gummed taffeta. The taffeta ac- 
quired positive electricity, while the metallic disc acquired 
negative electricity.* The effect increases with the pressure ; 
but it ceases altogether as soon as the taffeta loses its glutino- 
sitpr, which renders it easily compressible. 

This subject has lately engaged the attention of M. Bee- 
* querel, who has made a vast number of experiments on different 
bodies, and has . drawn this general conclusion from them all : 
cystic tW ° Wh en two substances, of what nature soever, provided 
bodies are one of them be elastic, are insulated, and pressed against each 
fheybe- other, one of them becomes charged with positive, and the 
ferent?y f " other with negative electricity. But when the compression is 
excited. removed, these two different states cannot be observed, unless 
one of the bodies, at least, be a bad conductor of electricity ” 

* The mode cholsen by Becquerel to obtain these results, was 
to form the substances to be tried, into small discs, about one- 
tenth of an inch thick, to fix each to a varnished glass rod by* 
way of handle, to take one of these handles in Shch hand, an$h 
squeeze the two discs together. After separating them, each 
disc is to be presented to a delicate electrometer. A single 
pressure is sufficient to repel the small disc of Coulomb’s elec- 
trometer ; but by repeating the* contacts any electrometer 
• whatever may be charged. Suppose, for example, two insu- 
lated dies, the one of cork , the other of caoutchouc . After the 
pressure, the cork has become positive, and the caoutchouc 
negative. When cork is pressed against the skin of an orange , it 
becomes positive, and the orange skin negative. When orange 
skin is pressed against caoutchouc it becomes, positive, while 
the caoutchouc becomes negative. 

Iceland spar, sulphate of lime, fluor spar, sulphate of barytes, 
when pressed against cork, become positively electrified, while 
the cork becomes negatively. But cyanite and retinasphaltum, 
when pressed against cork, acquire negative electricity, the 
cork becoming positive. In like manner, pitcoal, amber, 
copper, zinc, silver, &c., when pressed against an insulated 
disc of cork, become negative. . 

• * Ann, de Chim. et de Phys. xxii. 5. 
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When one only of the discs is insulated while the other com- Ch. XIT. 
municates with the ground, the insulated* body will have ac- But they 
quired, after pressure, the electricity belonging to it ; but the insulated, 
non-insulated bedy will exhibit no signs of electricity whatever. 

Thus, an insulated disc of cork, pressed against Iceland spar, 
selenite, fluor spar, &c., acquires negative electricity; but 
when pressed against copper, zinc, and other similar substances, 
it acquires positive electricity. Even fruits, ^the orange for 
example, when gently pressed against an insulated disc of 
cork, communicate an excess of positive electricity. In pro- 
portion as the fruit dries, the electric properties of the cork 
diminish. When ripeness has given the orange all the elas- 
ticity of which it is susceptible, and before the surface becomes 
moist from decomposition, then the electricity from pressure 
is the greatest possible. 

Insulated cork pressed against any part of the animal body, 
provided it be not moist, receives an excess of negative electri- 
city. The hair and down of animals produce nearly as much 
electricity as Iceland crystal would do, but of thje contrary 
kind. 

The imperfect liquids, when compressible, give analogous 
results. Cork pressed lightly against inspissated oil of tur- 
pentine, acquires negative electricity. 

It is not necessary that the substances pressed against each 
other be of different natures ; when two discs composed of 
the same materials, as skin, amadou, &c., are pressed against 
each other, the one acquires negative and the other positive 
electricity. 

When electricity is thus evolved in bodies by pressure, it is 
preserved for a considerable time, provided the bodies be non- ed contin- 
conductors. Hauy found that Iceland spar still gave signs of time! long 
electricity after an interval of eleven days. Sulphate of barytes 
of Royat, unless it be well insulated, parts with the. electricity 
evolved in it almost immediately. But an insulated crystal of 
it exhibited signs of electricity after an interval of half an hour. 

The time during which the electrical properties are preserved, 
is probably-inversely as the conducting power of the electrified 
body. This preservation of electricity continues even though 
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the body be surrounded by moist air, or even though it be in 
contact with moist ’Substances. It would appear from this, 
that bodies rendered electric by pressure, are in the same cir- 
cumstances with a charged Leyden phial. The internal sur- 
face of the body is probably charged with the opposite elec- 
tricity of the external surface ; and the action of these opposite 
electricities on €kch other, prevents that on the external sur- 
face from being^dissipated. 

As long as the two bodies pressed against each other are in 
contact, neither of them gives any symptoms of electricity. 
The better conductors they are, the more rapidly they must 
be separated from each other, after pressure, in order that each 
may retain the peculiar kind of electricity which has been ac- 
cumulated in it by the pressure. When a disc of cork is 
pressed against an orange, if we separate the two substances 
rapidly, the cork will be found to possess a considerable excess 
of positive electricity. This excess diminishes the more slowly 
the two substances are separated from each other, and when 
we separate them very slowly, all electrical symptoms disap- 
pear. 

It would appear from all this, that when two surfaces are 
pressed against each other, one of them always acquires an 
excess of positive electricity, while the other acquires an excess 
of negative electricity. These two opposite electricities just 
neutralize each other. Now, it is a curious and inexplicable 
circumstance, (unless we consider electricity as a property) 
that as long the pressure is kept up, even though the two 
bodies pressed against each other be good conductors, the two 
electricities though attracted towards each other, never actually 
combine. But whenever the pressure is withdrawn, unless 
the bodies be instantly separated from each other, the two 
electricities combine and neutralize each other completely, 
unless in the case when at least one of the pressed bodies is a 
non-conductor. 

There can be no doubt that heat plays a considerable part 
‘ in the development of electricity by pressure. It has been 
long known, that the higher the temperature of any body is 
raised, the greater tendency has it to acquire negative elec- 
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tricity when rubbed against any other body. In the same Ch. XII. 
manner, when we continue to elevatejttf^ temperature of Ice- 
land spar, we at last bring it into such a state* that it acquires" 
negative electricity when pressed against a disc of cork. If 
we take a piece of well dried cork, and cut it in two, by means 
of a very sharp knife, and then press* the gfcwo cut surfaces 
against each other, it frequently happens tfet however hard 
the pressure be, and however rapidly we separate the two sur- 
faces, neither exhibits any signs of electricity after the separa- 
tion. But if we slightly heat one of the pieces of cork, by 
holding it near the flame of a candle, and renew the pressure, 
we shall find each surface possessed of a different kind of elec- 
tricity. Two pieces of Iceland spar, of the same temperature, 
do not become electric by pressure; but if one of them be made 
hotter than the other, the electricities are immediately evolved. 

It is probable from this, that when two discs of the same sub- 
stance are pressed against each other, it is necessary that their 
temperatures should differ, otherwise no electricity will be 
evolved. 

It would appear frdm the experiments of M. Becquerel that The jnten- 
the intensity of electricity, measured by Coulomb’s balance, is electricity 
proportional to the pressure; that is \o say, that a double *\ tTSfe 011 " 
pressure will produce a double intensity, a triple pressure a P re8Sure# * 
triple intensity, and so. on. The following tables exhibit the 
intensities of electricity evolved by the pressure of various 
bodies against each other. The intensity of pressure was 
measured by the weight attached to one end ofKjfJmlance forc- 
ing up the other end which produced the pressure : — * 

Cork pressed against Iceland spar . 

Pressures. 

1 

2 

3 

4 

* A detailed account of the apparatus, illustrated by figures, pay be seen 
in the Ann. de Chim. et de Phys. xxii. 21. 


Intensity 
of electricity. 

1-5 

3-4 

5-6 

6 
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Cork pressed against polished sulphate of barytes crystals. 


Pressure*. 


Intensity 
of electricity. 


1 

2 

3 

4 

6 


1*05 

2-1 

3- 1 

4- 2 
6*3 


Cork against polished rock crystal . 


Pressure. 


Intensity 
of electricity. 


4 3*9 


Pressure. 

4 


Cork against sulphate of lime . 

Intensity 
of electricity. 


1*9 


These tables show also the .-difference in the absolute quan- 
tity of electricity evolved by the same extent of pressure ap- 
plied to different bodies.* 


CHAPTER XIII. 

OF ELECTRICITY BY CONTACT. 


This branch of electricity originated from a dispute between 
Galvani and Volta, about the year 1 790. Galvani accidentally 
discovered, that when the hind legs of frogs, deprived of their 
skin, but having the lumbar nerve attached to them and laid 
bare, are placed upon pieces of glass, the lumbar nerve being 
previously enveloped in a piece of copper foil; if we take a 
Convui- piece of zinc, and placing one end of it on the muscles of the 
muscle* of 6 we bring the other in contact with the copper foil, the 
• frog. muscles , of the limb are thrown into violent convulsions. 

These convulsions are renewed, whenever the me'tals are 
brought into contact for a certain time after death. They 

• Ann. de China, et de Phy§. xxii. 5. 
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cease when the irritability of the muscles is exhausted, and Ch. xm. 
this takes place the sooner, the o'fterier the convulsions are 
produced by bringing the two metals in contact. Galvani ^!^| id to 
ascribed these convulsions to an animal electricity , which, in his electricity, 
opinion, exists in all animals, and is the cause of muscular 
motion. When Volta repeated the experiment, he was struck 
with the necessity of two metals for its success. He was 
induced, in consequence of this, to ascribe the phenomenon 
to common electricity, and to affirm that when two metals are Toc«mm<»n 
placed in contact with each other, one acquires vitreous, and 
the other resinous electricity. To verify this opinion, he pre- 
pared two circular polished plates, the one of copper and -the 
other of zinc. To the centre of each of these, was cemented 
a varnished glass handle. The two plates were brought into 
contact by means of these handles, and separated so as to pre- 
serve a parallel position with respect to each other. These 
were made to touch the plates of a condenser, the contact 
being renewed several times. After touching each plate to re- 
store it to a neutral state, it was found that the zinc pos- 
sessed an excess of positive electricity, while the copper 
possessed an excess of negative. Galvani did not accede to 
this opinion of Volta. He repeated* his experiments, and 
succeeded in producing the convulsions by means of a single 
metal ; but only when the energy of the limb was very great. 

Nay, in this last case, he succeeded in producing the convul- 
sions, simply by bringing other animal matters in contact with 
the lumbar nerve, and the crural muscles of the frog. But 
Volta answered these objections* by showing that the smallest 
quantity of any foreign metal sufficed to enable a single 
metallic plate to produce the convulsions. 

When zinc is brought into contact with copper or silver, and Two insu- 
again separated by means of an insulating handle, the zinc is brought Tn! 
found positive and the copper or silver negative. It is with andae^ 5 - 
these metals that the different states of electricity after con- are in 

- . T „ J different 

tact may be most easily perceived. If iron , or manganese , or eiectrio 
even plumbago , be substituted for the zinc plate, the result is st * t **’ 
the same. I presume that if cadmium were substituted for 
zinc it would also be found positive after the separation of the 
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Partii. metallic plates. Gold, platinum, palladium, or even mercury, 
may be substituted for the copper or silver. When tin or lead 
is substituted for copper, the different states of the metals are 
not easily recognised, but in this case also the zinc is positive, 
and the tin or the lead negative. 

But when we take metals not liable to oxydation, as gold 
and platinum, no disengagement of electricity is ever observed 
in consequence of their mutual contact, how sensible soever 
the electrometer be which we employ. This leads to the 
suspicion that the electricity observed by Volta, when he 
made use of copper, may have been owing to the chemical 
action occasioned by the contact of his wet finger on that very 
oxydizable metal. It is also well known that when a plate of 
gold, and another of platinum, both in contact with a most 
delicate electroscope, or plunged into a liquid which has no 
action on them, no signs of electricity are ever exhibited ; but 
if the liquid be a solvent (as aqua regia), a very sensible 
electric action ensues. 

Platinum and gold are positive with respect to binoxide of 
manganese and plumbago, and produce no electrical effect 
when placed in contact with red oxide of copper, persulphuret 
of iron, finery cinder, cligiste iron ore, &e. Binoxide of man- 
ganese and plumbago are negative with respect to these last 
substances. In general binoxide of manganese is negative 
with respect to all other bodies. Arsenical cobalt and gold 
produce also marked effects : the former is negative, the latter 
positive. Whether these evolutions of electricity be owing 
simply to contact, or whether any chemical action takes place 
when the electricity is evolved, has not yet been determined. 
We refer the reader to the ingenious experiments of M. 
Delarive, who has endeavoured to prove that chemical action 
takes place in all these cases of apparent contact.* 

A considerable number of experiments on the electricity by 
contact was made by Sir H. Davy. When oxalic, succinic, 
benzoic, or boracic acid, perfectly dry, either in powder or in 
crystals, are touched upon an extended surface with a plate of 


Ann, dc Chim. et de Phys. xlvi. 286. 
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copper insulated by a glass handle, the copper becomes posi - Ch. xm. 
tive 9 and the acids negative . When zinc or tin is substituted 
for copper the effect is the same. Phosphoric acid perfectly 
dry, when applied to copper becomes negative, and the copper 
positive. When metallic plates are made to touch dry lime, 
strontian, barytes, or magnesia, these alkaline bodies become 
positive , the metal negative. With soda the effect is the same. 

Potash attracts moisture so rapidly that the experiment can- 
not be tried with it. When sulphur, is applied to polished 
lead, or to any other metal, it becomes positive.* 

It has been ascertained that electricity, when employed in 
the way to be described hereafter, and known by the name decomposed 

» " electri- 

of the Voltaic battery, is capable of decomposing compound city either 
bodies, and the decomposition takes place according to a par- negative!^ 
ticular law. When two platinum wires attached to the two 
poles of the battery are plunged into a vessel of water, the 
water is reduced into its elements, and the oxygen is always 
extricated from the wire attached to the positive pole, while 
the hydrogen rises from the wire attached to the negative 
pole. When the wires are plunged into a strong solution of 
muriatic acid, the chlorine is accumulated round the positive 
wire, and the hydrogen round the negative. The law accord- 
ing to which hydrobromic and hydriodic acids are decomposed 
is the same; the bromine and. iodine are attracted to the 
positive pole, while the hydrogen is attracted to the negative 
pole. When chloride of sodium or potassium is decomposed, 
the chlorine passes to the positive pole, while the sodium and 
potassium pass to the negative pole. Were a compound of 
sulphur with oxygen to be decomposed, the oxygen would 
attach itself to the positive pole, while the sulphur would 
attach itself to the negative pole. But with sulphuret of zinc 
or of iron the case would be different. The sulphur would 
collect round the positive pole, and the metal round the nega- 
tive pole. When salts are decomposed, the acid is attracted 
to the positive pole, and the base to the negative. 

Now, as bodies are attracted by those in a different state of 


* Phil. Tran9. 1807, p. 34. 
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excitement from themselves, it follows that oxygen, chlorine, 
bromine, and iodine, and acids, would not be attracted to the 
positive pole, unless they themselves were in a negative state; 
nor would hydrogen and bases be attracted to the negative 
pole unless they were in a positive state. From this it has 
been concluded that bodies which have an attraction for each 
other are in opposite states of electricity, and that it is to 
these opposite states that their attraction for each other, 
and their union with each other, is owing. The current of 
electricity destroys their union by bringing them into the 
same electrical state. In consequence of this view, which is 
at least exceedingly ingenious and plausible,' bodies have been 
divided into two sets, those which are negative, and those 
which are positive. The following table exhibits a, list of the 
Negative bodies, beginning with those which possess the nega- 
tive property in the highest degree, and terminating with 
those in which it is lowest : — 


Oxygen 

Molybdenum 

Chlorine 

Chromium 

Bromine 

Tungsten 

Iodine 

Boron 

Sulphur 

Carbon . ’ 

Phosphorus 

Antimony " 

Selenium 

Tellurium r 

Arsenic 

Columbium 

Titanium 

Silicon. 

The following table exhibits a list 

of the positive bodies 

beginning with the one in which the property is weakest, and 
ending with the one in which it is strongest : — 

* Gold 

Uranium? 

Platinum 

Iron 

ff Palladium 

Cadmium 

Osmium ? * 

Zinc 

Iridium 

Manganese' 

1 Rhodium 

Aluminum 

Mercury 

Thorinum 

Silver . 

Yttrium 

Copper 

Glucinum 
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Nickel ■ 

Magnesium 

Ck. XIII. 

Cobalt 

Calcium 


Bismuth 

Strontium 


Tin 

Barium 


Zirconium 

Lithium 


Lead 

Sodium 


Cerium 

Potassium. 



It is not easy to decide where hydrogen should be placed. 
Compared with oxygen it is strongly positive ; but it combines 
with the potassium, and must with respect to it be negative. 
The bodies nearest the head of the first list being most power- 
fully negative, and those nearest the bottom of the second list 
being most powerfully positive, have the greatest chemical 
affinity for each other. Bodies in the same list have but little 
affinity for each other, those towards the bottom of thq first 
list have but little affinity with those towards the top of the 
second list; however, the bodies in the same list are not 
destitute of affinity for each. Thus, sulphur combines readily 
with arsenic, because these two bodies assume different states 
with respect to each other. When we decompose sulphuret 
of arsenic, the sulphur is attracted to the positive pole, and 
the arsenic to the negative ; showing that the former is in a 
negative state, and the latter in a positive. It is for this 
reason that almost all the substances constituting the first list, 
are capable of uniting with each other as well as with those 
of the second. Now, it deserves attention, that when the 
bodies constituting the first list unite with each other, they 
constitute acids or substances which act the part of acids; 
when they combine with the substances constituting the second 
list, they constitute bases or substances which act the part of 
bases. All the acids are combinations of the negative bodies 
with each other, all the bases are compounds of the negative 
bodies with the positive. I have left out azote because it is 
not easy to say where it ought to stand ; but it belongs un- 
doubtedly to the class of negative bodies, and should stand 
probably before sulphur . 

Hydrogen I have purposely omitted. It constitutes acids 
by combining with the greater number of the negative bodies; 
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Part II, but we are ignorant at present of any compound which it 
forms with«any of the positive bodies, excepting with potas- 
sium, which, according to the experiments of Gay-Lussac 
and Thenard, absorbs hydrogen gas, arid forms a compound. 
But this combination has not succeeded in the hands of other 
experimenters. 


CHAPTER XIV. 

OF ELECTRICITY BY CLEAVAGE. 


For the few facts hitherto ascertained respecting the evolu- 
tion of electricity by the cleavage of crystallized minerals, we 
are indebted to ]VL Becquerel.* 

When we cleave a plate of mica as rapidly as possible in 
the dark, we generally perceive a feeble phosphorescent light. 
If we fix with mastic an insulating handle upon each of the 
faces of this plate, we may ascertain that each of the slices 
separated is in a contrary state of electricity, the intensity of 
which increases with the rapidity of the separation. These 
results are always obtained, however thin the plate of mica 
may be : hence, probably, they would take place how small 
soever the particles of mica were that we separated from each 
other. 

Foliated talc of St Gothard, transparent sulphate of lime, 
topaz, sulphate of barytes, felspar of St Gothard, and all 
crystallized minerals which are bad conductors of electricity, 
give the same result. 

Before making these experiments, we must free the mineral 
from all water mechanically lodged in it, and we must be sure 
that the plate of mica, sulphate of lime, &c., are not already 
partially split, tvhich would of course prevent the action. 

Two plates of mica already separated, if they be pressed 

* Traite de rElectricitS, ii. 111. «■ 
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together anew and separated, are each charged with the oppo- Chap. xv. 
site electricity ; but this state lasts but a very short time. If 
we wish to restore it, we must raise a little the temperature 
of that plate which Ms assumed negative electricity. 

A card paper doubled down presents a similar effect when 
the two fragments are separated. Here the filaments com- 
posing the card are united to each other by a certain force 
which is destroyed. This has some resemblance to the cleav- 
ing of foliated minerals. When crystallized minerals are 
triturated in a mortar, electricity cannot be evolved, because 
the two electricities immediately combine again in consequence 
of the contact of portions of the mineral in different electrical 
states. 

Pressure it is obvious causes a mechanical approach of the 
particles to each other, in some'eases causing the two bodies 
to adhere together. In this last case the separation ought to 
produce the same electrical effects as when a foliated mineral 
is split. 


CII AFTER XV. 

OF ELECTRICITY BY CHEMICAL COMBINATIONS 
AND DECOMPOSITIONS. 

Ever since the discovery of the identity of lightning and 
electricity, the attention of electricians has been turned to the 
accumulation of electricity in the atmosphere ; and various 
causes for such an accumulation have been assigned. The 
opinion of Volta has been most commonly adopted. Accord- Ev&pora- 
ing to him, whenever a body changes its state, it becomes tIon ’ 
electric. Now, water is continually ascending into the atmo- 
sphere in the state of vapour, or falling from it in the state of 
rain. By these continual changes of state, which this fluid 
undergoes, Volta supposed that the accumulation of electricity 
in the atmosphere was chiefly produced. This opinion was 
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Part II. verified by Lavoisier and Laplace; but when Saussure re- 
peated the experiments, he was unable to obtain any satisfac- 
Doesnot tory results., M. Pouillet has recently examined the subject 
tricity eC " with much care, and has found that no sensible quantity of 
electricity is evolved when water changes its state, unless at the 
same time some chemical action more or less vigorous accom- 
panies the change. But whenever two gaseous bodies unite 
* with each other, or a gaseous body with a solid body, one of 
the uniting bodies always gives out positive electricity, and 
the other negative electricity.* These experiments being of 
great importance, both for understanding the sources of atmo- 
spherical electricity, and for determining the kind of electri- 
city possessed by those bodies which have a chemical affinity 
for each other, it will be worth while to state them somewhat 
Electricity particularly. When charcoal is burnt it sometimes gives out 
combustion positive, and sometimes negative electricity, and sometimes 
of charcoal. nQ e l ec t r i c ity at all. This depends upon the way in which 
the combustion is conducted. To obtain constant results, M. 
Pouillet proceeded in the following manner : — He took a piece 
of charcoal of such a diameter that it could receive the form 
of a cylinder whose bases were nearly plain. This piece of 
charcoal was placed vertically, two inches and a half, or three 
inches below a plate of brass which rests upon one of the 
discs of the condenser. The charcoal communicated with 
the ground, and was lighted at its superior base, taking care 
that the fire did not reach the lateral surface. A current of 
carbonic acid rises and strikes against the plate, and in a few 
minutes the condenser is charged. The electricity which it 
receives from the carbonic acid gas is always positive . If the 
plane be allowed to communicate to the sides of the charcoal, 
or if it.be inclined so that the carbonic acid formed must 
slide up along the base of the charcoal, no sensible effect is 
obtained. 

To obtain the electricity which the charcoal itself takes by 
combustion, M. Pouillet placed its inferior end directly upon 
the disc of the condenser, and then lighted its superior base* 

* Ann. de China, et de Phys. xxxv. 401. 
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III a few minutes the condenser wa§ charged with negative Chap. XV. 
electricity. From these experiments, we learn that when 
charcoal is burnt, it becomes charged with negative electri- 
city, while the carbonic acid evolved is charged with positive 
electricity. Now, the combustion of charcoal is the combina- 
tion of it with oxygen, so as to constitute carbonic acid. 
According to Pouillet, daring this combination, the oxygen 
gives out positive electricity, which is found in the carbonic 
acid gas* while the charcoal gives out negative electricity, 
which is found in the portion of the charcoal not yet burned. 

Now, when the carbonic acid gas is again decomposed into 
its elements, the oxygen takes back positive electricity, and 
the carbon negative electricity. 

The flame of hydrogen gave contradictory results with ^ndhy- 
respect to its electricity, as had been the case also at first with 
charcoal. In the course of a few minutes it gave indications 
both of positive and negative electricity, very intense and 
very weak indications, and often it was impossible to obtain 
any indication at all. But these difficulties were at length 
overcome by M. Pouillet in the following manner : — 

The hydrogen gas was made to flow out of a glass tube. 

The flame was vertical, having a breadfh of 4 or 5 lines, and 
a height of about three inches. A coil of platinum wire was 
employed to conduct the electricity from the flame to the con- 
denser. When this coil was so much larger than the flame as 
to enclose it, and to be distant from its external surface about 
4 inches, signs of positive electricity make their appearance. 

These signs become more and more intense as the distance 
diminishes 5 but when the coil becomes so small as to touch 
the flame, the electrical signs become weak and uncertain. 

Thus it appears that round the flame of hydrogen, there is a 
sort of atmosphere at least 4 inches in thickness, which is 
always charged with positive electricity. 

If a veij small coil of platinum wire be placed in the centre 
of the flame, in such a manner, that it is enveloped on all 
sides ; and made to communicate with the condenser, that in- 
strument becomes immediately charged with negative electri- 
city. Thus it appears that the outside of the flame of hydro- 
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gen gas is always charged with positive electricity, and the 
inside with negative electricity. It follows from this, that 
there is a layer of the flame where the electricity is insensible. 
Accordingly if we regulate the coil in such a manner that it 
penetrates nearly one-half into the bright part of the flame, 
all electrical indications disappear. 

From these experiments it appears that the electricity 
evolved during .the combustion of hydrogen, is quite similar 
to what appears during the combustion of charcoal. The 
oxygen before it enters into combination is charged with posi- 
tive, and the hydrogen with negative electricity. Oxygen 
then must part with positive electricity when it combines with 
hydrogen, and hydrogen must part with "negative electricity 
when it combines with oxygen. 

If instead of making the hydrogen gas flow out of a glass 
tube, we make it flow out by a tube of metal, which does not 
communicate with the ground, but only with the condenser, 
this metal tube which touches the hydrogen, but not the flame, 
always becomes charged with negative electricity; but if it 
communicate with the ground it loses the negative electricity, 
which it had lately carried to the condenser, and the product 
of the combustion preserves an excess of positive electricity. 

If we examine at a height of a few inches above the vertical 
flame, we find both the electricities in the same quantity and 
not recomposed. For if we present a soldered plate of. zinc 
and copper, the zinc plate attracts the negative, and the 
copper plate the positive electricity. When we go to a dis- 
tance sufficiently great above the vertical flame, the electrical 
fluids can no longer be recognised, because they have com- 
bined and neutralized each other. 

Pouillet examined the flames of alcohol, ether, wax, oils, 
fat, and many vegetable bodies. The flames of all these 
bodies presented the same phenomena as that of hydrogen ; 
that is to say, that a zone of air surrounding the flame was 
electrified plus, while the interior of the flame was electrified 
minus. All these combustions exhibit examples of oxygen 
uniting with hydrogen and carbon. The oxygen gives but 
positive electricity, while the combustible body, whether 



ELECTRICITY BY CHEMICAL COMBINATIONS* 445 

hydrogen or carbon, or a compound of the two, gives out Chap, XV. 
negative electricity. 

It has been ascertained by the experiments of Priestley, 
Ingenhousz, Sennebier, Saussure, &c., that plants while 
vegetating act upon atmospherical air ; sometimes forming a 
great quantity of carbonic acid which disengages itself insen- 
sibly, and sometimes on the other hand giving out oxygen gas 
in a state of greater or less purity. Now it appears from the 
preceding experiments, that when carbonic acid is formed by 
combustion, it is electrified plus. This led M. Pouillet to 
suspect that the carbonic acid given out during the processes 
of vegetation, would be in the same predicament. To deter- 
mine this point, lie* made the following experiment : — 

Twelve glass capsules, about 8 inches in diameter, were *7 ve " 
coated externally for two inches •round the lips with a film of 
lac varnish. They were arranged in two rows beside each 
other, either by placing them simply on a table of very dry 
wood, or by putting them on a table previously varnished by 
gum lac. They were filled with vegetable mould, and were 
made to communicate with each other by metallic wires which 
passed from the inside of the one to the inside of the other, 
going over the edges of the capsules.* Thus the insides of 
the 12 capsules, and the soil which they contained, formed 
only a single conducting body. One of these capsules was 
placed in communication with the upper plate of a condenser 
by means of a brass wire ; while at the same time the under 
plate was in communication with the ground. Things being 
in this situation, and the weather very dry, a quantity of 
corn was sown in the soil contained in the capsules, and the 
effects were watched. The laboratory was carefully shut, and 
neither fire, nor light, nor any electrified body, was introduced 
into it. , - 

During the two first days the grains swelled, and the 
plumula issued out about the length of a line, but did not yet 
make its appearance above the surface of the earth. But on 
the third day the blade appeared above the surface, and began 
to incline to the window which was not provided with shutters. 

The condenser was now charged with negative electricity. 
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P**t H. Consequently the carbonic acid gas, which disengages itself 
~~ during the germination of seeds, is charged with positive 
electricity, and is therefore precisely in the same st$te as the 
carbonic acid gas formed by combustion. This experiment 
was several times repeated with success. But the electricity 
cannot be recognised unless the weather be exceedingly dry, 
or unless we dry the apartment artificially by introducing sub- 
stances which have the property of absorbing moisture. 

These capsules being insulated, and the air being very dry, 
and the soil so dry that it is an imperfect conductor, it is 
evident that* the electricity would be retained. Accordingly 
when the condenser was brought into a natural state after one 
observation, and if it was then replaced jjpr experiment only 
during one second, it was found to be charged with electri- 
city. 

It is obvious enough that the gaseous fluids given out by 
plants during the processes of vegetation, being charged with 
electricity, must contribute to furnish no inconsiderable por- 
tion of the electricity with which the atmosphere becomes 
loaded. No doubt the carbonic acid gas evolved from ikiimals 
by respiration is also charged with positive electricity* though 
it would be somewhat difficult to determine $*0 point by 
actually charging a condenser in consequence of the moisture 
. with which the expired air is always loaded.* 

All chemi- The electricity evolved by chemical combinations and de- 
flations and compositions was long a subject of dispute, but since the dis- 
iionaevoive covery of the connexion between electricity and magnetism, and 
electricity. employment of magnetic needles to indicate the existence 
of electric currents, the evolution of electricity in such cases 
has become manifest and indisputable. When we plunge one 
after the other, the two ends of the copper wire of a multiplier 
into nitric acid, a current of electricity is immediately evolved. 
Gold or platinum wire connected with a multiplier when 
plunged into nitric acid, gives no indication of the evolution of 

' * The reader may consult with advantage an elaborate and most ingeni-r 

ous set of experiments by Sir H. Davy, to establish bis own views, which 
are rather inconsistent with those of Pouillqt, in Phil. Trans. 1826, p. 
398. 
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electricity. But if we add a few drops of muriatic acid to that Chap. xv. 
portion of the nitric acid, which surrounds one of the ends of 
the wire, a current is induced, and the wire which is attacked 
by the aqua regia becomes negative while the other extremity 
is positive. 

When an acid combines with an alkali, the former becomes 
positive, and the latter negative. When various substances 
are placed so as to come gradually in contact in tubes con- 
nected with a delicate multiplier, one always becomes positive 
and the other negative. 

Nitric acid is positive with muriatic acid, acetic acid, 
nitrous acid, alkaline solutions, and solutions of sulphates, 
nitrates, chlorides, j8cc. 

Nitric acid is negative with sulphuric acid, phosphoric acid, 

&c. • 

Phosphoric acid is positive with muriatic acid, sulphuric 
acid, nitric acid, and with alkaline and saline solutions.* 

Phosphoric acid is the most electro-positive of all liquids. 

A great deal of light has been thrown upon the electricity 
evolved during chemical decompositions and combinations, by 
the experiments of Mr Faraday. 

He showed that when electricity froril a common electrical 
machine is made to pass through solutions of salts, (sulphate of 
soda was the one used,) they undergo decomposition, the acid . 
being evolved at the positive, and the alkali at the negative 
wire in contact with the solution .f 

An opinion has been adopted by some, that in the construc- 
tion of the Voltaic arrangement for the evolution of electricity, 
the presence of water in the imperfect conductor between the 
metallic plates is essential ; but Faraday has shown that this 
is a mistake, and that a vast number of bodies rendered liquid 
by heat may be substituted for water, which indeed is one of 
the bodies worst adapted for the purpose, though from other 
circumstances the most convenient. 

It has been supposed also pretty generally, that chemical Chemical 
decomposition is produced by electricity, by the attraction of tion > . mpoS1 " 

* Becquerel, Traite de l’Electricite, ii. 78. 
t Phil. Trans. 1833, p. 676. 
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Pyrtil. each pole for ope fcf the constituents of the body decomposed. 
Thus water is decomposed, because the positive pole attracts 
electricity!^ ox yg en 5 while the negative pole attracts the hydrogen, 
and these two attractions increasing with the intensity, or at 
least with the quantity of electricity evolved, become at last 
greater than the chemical affinity which unites the atoms con- 
stituting water to each other, and when that is the case, de- 
composition must take place. If I understand Mr Faraday’s 
ideas respecting chemical decompositions by electricity cor- 
rectly, he conceives the decompositions to be produced by the 
chemical affinity between the particles being altered and dimin- 
ished by the action of the electricity. Let N 
and P represent the negative and positive 
poles of a Voltaic battery, and let a 6, a! ft', 
and a" ft'', &c, be particles of' water interposed 
between them, composed each of an atom of 
hydrogen, (a), and an atom of oxygen, (ft). Mr Faraday 
supposes, that in consequence of the action of the electric 
current, all the particles of water in the way of the current 
are so arranged, that the hydrogen faces the negative and the 
oxygen the positive pole. He supposes farther, that in cdri* * 
sequence of the electricity, the affinity of a for b is weakened, 
while the affinity of b for a! is increased. In congruence 
of this, a leaves b , and makes its appearance at N under the 
form of hydrogen gas. b unites to a 9 which in its turn 
unites to ft', which combines with a", while ft", in consequence 
of the weakened affinity of a " for ft' 7 , separates at P, and makes 
its appearance under the form of oxygen gas. 

This progressive process of decomposition and combination 
has been long pretty generally admitted. But I do not see 
how the particle a could separate from 6 in consequence of 
the greater attraction of a' for ft, unless a at the same time 
were attracted by N. If we suppose that the attraction of N 
for a and of d for 6, is greater than the attraction of a*for ft, 
a would undoubtedly separate from 6 ; and if these mutual de- 
compositions and combinations proceed equally frbm both poles, 
it is easy to see how the chemical decompositions take place, 
but not otherwise. Mr Faraday made a very ingenious ex- 
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perimtmt. He decomposed sulphate of magnesia, and found Chap. XV . 
that magnesia was deposited upon the plane which constituted 
the boundary line between a layer of pure water and a layer of 
solution of sulphate of magnesia. Itf this experiment the 
water was connected with the negative end of a Voltaic battery, 
and the sulphate of magnesia with the positive end : hence the 
water became the positive pole; and of course every property 
belonging to the positive pole must in this experiment have 
belonged to the water. 

The probability seems to be, that throughout the whole extent 
of the Voltaic circle, all the particles in the way of the current 
(supposing them compounds), arrange themselves as we have 
supposed the particles of water to do; that similar decomposi- 
tions and new combinations take place in every cell, and that 
the electricity evolved, is the consequence of these combina- 
tions and decompositions, and of nothing else, as was long ago 
argued by M. Fabroni and Dr Wollaston, and of late by Mr 
Faraday himself. He has rendered it extremely probable, 
that the same quantity of electricity always decomposes the 
same quantity of decomposable matter ; so that the quantity of 
hydrogen evolved in a given time by the decomposition of 
water is an accurate measure of the Quantity of electricity 
passing during that time through an active Voltaic battery.* 

Mr Faraday, during the course of his electrical experiments, 
discovered that when a clean platinum plate was put into a 
mixture of oxygen and hydrogen gas, the gases gradually 
united forming water and consequently disappearing. When 
the platinum plate was made very clean by dipping it . x into 
sulphuric acid, it acted with so much energy upon the gases, 
that it gradually became red hot and caused the residue of the 
gases to exploded 

It Jiad been previously shown by Dobereiner, that platinum 
black, or platinum in the state of a fine powder, acted in the 
same way. The experiments of Faraday«throw some light on 
this curious property. He found that the plate was very apt 
to lose its power, but that when steeped in sulphuric acid of# 

* Phil. Trans. 1833, p. 692. + Ibid. 1834, p. 58. 

2 G 
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P*rt II. 


All com* 
pounds not 
decompos- 
ed. 


specific gravity 1*336, or indeed when cleaned by various other 
methods, the power was recovered. Dalton has shown that the 
particles of hydrogen gas repel each other ; that the case is 
the same with the particles of oxygen gas, but that the par- 
ticles of hydrogen gas do not repel the particles of oxygen gas. 
Clean platinum does not repel, but rather attracts the particles 
of gases ; and when the platinum is smooth and clean the two 
gases can approach very near its surface, if not come actually 
in contact with it. So situated, the particles of oxygen and 
hydrogen may come so near each other as to unite chemically, 
heat is evolved by the union, the rapidity of the process L« in- 
creased till at last the platinum becomes red hot, and explosion 
is the consequence. 

Electric currents have not the property of decomposing all 
compounds as Davy supposed* 

Boracic acid 

Chlorides of sulphur, phosphorus, and carbor 
Iodide of sulphur 

are not decomposed in common circumstances.* 

Faraday found also that 

c 

Chloride of antimony 

Hydrocarbon 

Acetic acid 

Periodide of mercury 

Ammonia and some other substances 

are not decomposed by the Voltaic battery. 

But with the exception of periodide of antimony, Faraday 
found that all solid non-conductors, becoming conductors when 
liquefied by heat, are decomposed*! 

Faraday conceived it to be deductible from his experiments, 
that binary compounds composed of elements, one of which 
goes to the negative and the other to the positive pole, are 
decomposable by electricity, but not ternary compounds. Thus 
.the simple oxides, chlorides, and iodides are decomposed, while 


* Phil. Trans. 1834, p. 81. 


t Ibid. 
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many binoxides, perchlorides, and periodides arc not acted on. Chap, x v. 
But to this supposed law there are so many exceptions, that 
it would not be safe to adopt it. 

Mr Faraday found reason to conclude from his experiments, 
that the following bodies are not decomposed by electricity, 
and it would seem that they are non-conductors : — 


Sulphuric acid 
Phosphoric acid 
Arsenic acid 
Hyponitrous acid 
Nitric acid ? 

Chloride of sulphur 
Protochloride of phosphorus 
Protochloride of carbon 


Periodide of mercury when liquid is a conductor, but is not 
decomposed by electricity. 

Perchloride of mercury when liquid is a conductor, and 
seems to be decomposed by electricity. 

Protoxide of antimony when liquid is a conductor, and is 
decomposed. 

The following bodies also were fouiM by Faraday not de- 
composable by electricity : — 


Nitre 

Nitrate of ammonia 
Sulphurous acid 
Hydrofluoric acid 
Fluorides 
Acetates 


Tartaric acid 

Tartrates 

Benzoates 

Sugar 

Gum 


But the following bodies are decomposed by the action of Substance 
the Voltaic battery:— 


Muriatic acid 
Hydriodic acid 
Chlorides 


Iodides 

Hydrocyanic acid 
Cyanodides 


Before entering more particularly into the explanation of 
chemical decompositions by electricity, it will be proper to ex- 
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Part II. 


Explana- 
tion of 
terms. 


Laws of 
electrical 
decomposi- 
tions. 


plain the meaning of some new terms which Mr Faraday has 
found it convenient to introduce. 

Electrolyte , , is a body ’ directly decomposable by the electric 
current. Thus, water is an electrolyte. 

Ions , a general name for the elementary constituents of 
electrolytes. Thus, oxygen and hydrogen are the ions of 
water. 

Anode , the surface by which electricity enters, or the positive 
pole. 

Cbthode , the surface by which electricity leaves the body, or 
the negative pole. 

Electrodes , the poles of the battery. 

Anions , bodies going to the anode or positive pole. 

Cations , bodies going to the cathode or negative pole. 

Compound bodies may be* divided into two great classes, 
namely, those which are decomposable by the electric current, 
and those which are not. Of the latter, some arc conductors 
and some non-conductors of Voltaic electricity. 

The decomposable bodies do not depend for their decom- 
posability upon the nature of their elements, but upon . the pro- 
portions in which these elements are combined. These de- 
composable bodies F&raday distinguishes by the namie of 
electrolytes . 

The elements into which these electrolytes arc divided by 
the Voltaic actions are combining bodies, and have each a 
definite proportion in which they are always evolved during 
electrolytic action. They are called ions 9 and divided into 
anions and cations according as they appear at the anode or 
cathode end of the Voltaic battery. The proportions in which 
they arc respectively evolved by electricity are proportional 
to the atomic weights of each body respectively. Thus hy- 
drogen, oxygen, chlorine, iodine, lead, and tin, are evolved as 
the numbers 0*125, 1, 4*5, 15*75, 13, 7*25. The following 
are the laws of the decomposition of these ions as laid down 
by Mr Faraday : — 

! 1. An ion 9 not in combination wijfch another, is indifferent, 
having no tendency’ to pass to either of the electrodes. 

2. If one ton be combined in right proportions with another 
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strongly opposed to it in its ordinary chemical actions, or in Chap. XV . 
other words, if an anion be combined with a cation , then both 
travel the one to the anode , the other to the cathode of the de- 
composing body. 

3. If an ion pass to one of the electrodes, another ion must 
pass at the same time to the other electrode. 

4. Every body decomposable by electricity, must^ consist of 
two ions , the one of which must go to the cathode and the 
other to the anode . 

5. Only a single electrolyte, composed of the same elemen- 
tary ions, seems to exist. Thus water is the only electrolyte 
composed of oxygen and hydrogen . 

6. A body not decomposable when alone, as boracic acid, is 
not directly decomposable by the electric current, when in com- 
bination. 

7. The nature of the substance of which the electrodes are 
composed, provided it be a conductor, causes no difference in 
the electro-decomposition, either in kind or degree; but it 
seriously influences, by secondary action, the state in which the 
ions finally appear. 

8. A substance, which being used as electrode is capable 
of combining with the ion evolved against it, is also an ion, 
and combines in the quantity represented by its atomic 
weight. 

9. Compound ions are not necessarily composed of simple 
ions united in simple atomic proportions. Thus, sulphuric 
acid is an ion, but not an electrolyte . 

In many instances, the secondary result obtained by the 
action of the evolving ion on the substances present in the 
surrounding liquid, will give the electro-chemical equivalent. 

Thus in the solution of acetate of lead, the number of atoms 
of lead reduced is *equal to those of hydrogen evolved at the 
cathode : hence, secondary results may occasionally be used as 
measures of the Voltaic electrical current. 

The following table exhibits a list of the principal ions, 
together with the atomic weights of each, which represents 
the proportions by weight in which they are respectively 
evolved : — 
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I. ANIONS. 


Table of 
ions. 

Oxygen . 

• 


i 

Chloric acid • 

9-S 

Chlorine 

• 


4-5 

Phosphoric acid 

4-5 


Bromine 

• 


10- 

Carbonic acid * • 

2-75 


Iodine . 

• 

• 

15-75 

Boracic acid • 

3 ? 


Fluorine • 

• 


. 2-25 

Acetic acid . • 

6-375 


Cyanogen 

• 

a 

3-25 

Tartaric acid • 

8-25’ 


Sulphuric acid 

• 

5 

Citric acid • • 

7-25 


Selenic acid 

• 


8 

Oxalic acid • , 

4-5 


Nitric acid 

# 

• 


6-75 







II. CATIONS. 



Hydrogen 



0-125 

Silver 

13-5 


Potassium ‘ 



5 

Gold . 

12 


Sodium 



3 

Platinum 

12 


Lithium 



0-75 

Palladium 

6-75 


Barium 



8-5 • 

Rhodium 

6-75 


Strontium 

c 

• 

5-5 

Iridium 

12-25 


Calsium 

• 

• 

2-5 

Ammonia 

2-125 


Magnesium 

a 

« 

1-5 

Potash . . . i* 



Aluminum 


a 

1-25 

Soda . . .(*'& £ • 

4 


Iron 


• 

3-5 

Lithia . . 

1-75 


Manganese 



3-5 

Barytes • 

9-5 


Nickel . 

• 

• 

3-25 

Strontian 

6-5 


Cobalt . 

• 

c 

3-25 

Lime 

3-5 


Zinc 


• 

' 4-125 

Magnesia - • 

2-5 


Cadmium 

• 

• 

7 

Alumina 

2-25 


Lead . 

• 


13 

Quinina 

20-25 


Tin 

• 

• 

7-25 

Cinchonina 

19-75 


Copper . 


• 

4 

Morphina 

35-5 


Bismuth 

1 

• 

9 

Protoxides 



Mercury 



12 

Vegetable alkalies. 



It is pretty obvious, (provided the preceding views be cor- 
* rect,) that every atom of matter must be naturally surrounded 

by the same quantity of electricity, so that in this respect heat 
and electricity resemble each other. 

Eiectrou^r Electrolytes differ in the facility with which they may be 
in facility decomposed. Mr Faraday has found the following to be 
po»1uon/ T electrolytic in the order in which they are placed, those 
highest up being decomposed by a current of the lowest 
* intensity :—* 


* Phil. Trans. 1834, p. 433. 
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Iodide of potassium, (solution) ' Chop. XV . 

Chloride of silver, (fused) 

Protochloride of tin, (fused) 

Chloride of lead, (fused) 

Iodide of lead, (fused) 

Muriatic acid, (solution) 

Water acidulated with sulphuric acid. ^ 

It is well known, that when a piece of zinc is placed upon 
the surface of the copper sheathing of the bottom of a ship, 
the zinc is corroded, but the copper remains quite bright 'and 
is not oxydized as it is in ordinary cases. It was shown by 
Davy, that a little bit of zinc will keep bright a considerable 
surface of copper. In this case, a decomposition of water takes 
place, accompanied by the usual disengagement of electricity. 

The oxygen unites with the # zinc, while the hydrogen is 
evolved over the whole surface of the copper for a consider- 
able way round the zinc. It is this evolution of hydrogen that 
prevents the copper from being oxydized.* 

When we plunge one after another the two ends of the 
copper wire of a multiplier into nitric acid, electricity is 
evolved.f 

Gold or platinum wire, while of fhe same temperature, 
cause no electric current when plunged into nitric acid ; but 
if we heat one end a current is evolved. A current also ap- 
pears directly if we add a little muriatic acid, so as to cause 
the acid to act upon the gold or platinum4 

* Daniell, Phil. Trans. 1836, p. 113. 

+ Becquerel, Traite de l’Electricite, ii. 74. t Ibid. p. 75. 
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CHAPTER XVI. 

I 

or THE VOLTAIC PILE. 


Electricity 
by contact 
of two me- 
tals. 


If we take a number of tliin plates of glass, and cover the 
under surface of each with a thin coating of zinc, and the upper 
surface with an equally thin coating of silver or copper, and 
if we place these discs above each other in a determinate order ; 
namely, the zinc side of each always undermost, and the-, sifoar 
or copper side always uppermost, slight electrical - efFe^ wM' 
be produced, which increase in intensity as we augment the 
number of discs of glass. When two of these dies are laid 
upon each other, the silver coating will be electrified minus, 
and the zinc coating plus. The undermost side of the second 
glass disc will, therefore, be in a state of positive excitement ; 
it will therefore expel* positive electricity from, and attract 
negative electricity to, the upper side of the disc which is 
coated with silver. Suppose, now, another glass disc similarly 
coated to be applied. The silver side of the second disc is 
minus before the application of the new disc ; the zinc coat* 
ing, in consequence, will become more positive than the zinc 
coating of the second disc : hence the upper side of this third 
disc will be .more negative than was that of the upper side of 
the second disc. It is easy to see how the charge increases 
in intensity with the number of discs. The apparatus is 
analogous to the electrophorus or the condenser. The quan- 
tity of electricity thus disengaged is extremely small) and it 
does not become sensible till the discs of glass amount to thirty 
or forty. The opposite sides of every glass are in different 
electrical states, and the quantity of disengaged electricity in 
each increases with their number. If we bring the two sides 
of each disc in contact, by means of a wire, the equilibrium is 
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instantly restored, and some time elapses before the discs be- Ch. xvi. 
come again, charged.* 

If instead of glass, which is a non-conductor of electricity, ^ t e al b 8 y a ^° 
we employ an imperfect conductor, as a leaf of paper, similar paper, 
electrical phenomena make their appearance. Suppose we 
take round pieces of paper of the size of half-a-crown, silvered 
on the one side, by the application of very thin zinc leaf, and 
gilt on the other by means of Dutch leaf, and pile them above 
each other, so that the silvered side of each shall be always 
undermost, we obtain an apparatus which will exhibit elec- 
trical phenomena. The method is to put the paper discs 
within a glass cylinder, and, at least, a couple of thousand paper 
discs must be employed, so as to fill the glass cylinder com- 
pletely from top to bottom. The extremities of the glass 
cylinder are shut by plates of bfass, directly in contact with 
the paper discs, and provided with metallic buttons. The 
button at the zinc end of the cylinder is always in the state of 
positive electricity, while the button at the copper end of the 
cylinder is in the state of negative electricity. This kind of 
apparatus was first constructed by De Luc, and afterwards by 
Zamboni, and they have been constructed in different ways ; 
though, as the theory is the same in all* it seems unnecessary 
here to enter into details. 

The paper in thgse piles takes the place of the disc of glass 
in the former pile. Now, as paper is an imperfect conductor, 
if we discharge the electricity, by bringing the top and bottom 
of the pile in contact by means of a wire, the charge is very 
speedily renewed when the wire is withdrawn. Two of these 
piles are usually placed at a small distance from each other, 
and so that the positive pole of the one corresponds with the 
negative pole of the other. A very light and insulated needle 
suspended in equilibrium upon a very moveable axis between 

these two poles, oscillate? continually between them. The 
piles discharge their electricity by means of this needle, which 
is, in consequence, attracted alternately by the one and the 
other. De Luc placed a small bell between- the two piles, 

* See Jaeger's experiments with this pile, Gilbert’s Annalen, xlix. 64. 
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yart which was struck by small metal balls suspended between the 
* pole of the piles and the bell. These small balls, being alter- 
nately attracted and repelled, kept striking the bell, which thus 
continued for a long time continually ringing. Sometimes it 
stopped suddenly ; but after a certain interval it began again, 
and the bell kept ringing as before. 

These piles continue to act for several months ; but they 
finally lose their activity, owing to the small quantity of water 
originally in the paper being at last totally decomposed. Even 
before they finally become inactive, their intensity varies with 
the temperature, and the moisture or dryness of the air. ' 

When the paper of which these piles are constructed is made 
perfectly dry, their intensity is very much diminished^’.^bvi^ 
ously because dry paper is a non-conductor of elect tid&y. 
The consequence is, that wh&n* the electricityfo di^^ a 
considerable time elapses before it accumulated agAitf* But 
Dr Jaeger found that when the temperature?^vasfaig©dto 104°, 
or as high as 140°, the pile begins again to act as well as 
ever.* We must conclude from this* that dry paper, while 
cold, is a non-conductor of electricity, but that it becomes 
again a conductor, when heated up to 104° or 140°.f 
Volta's pile. Jf 5 instead of solid non-conductors, or demi-conductors, we 
employ liquid bodies which conduct electricity, the energy of 
the pile is prodigiously increased. A pile constructed in this 
way, constitutes the pile of Volta, and it must be ranked 
among the greatest discoveries of modern times. It has not 
only added greatly to our knowledge of electricity, but has 
contributed, in a surprising degree, to the extension and per- 
fection of chemical science. If we compare the state of 
chemistry before the discovery of the Voltaic pile with its 
present aspect, we cannot but be astonished at the difference, 
and this difference is in a great measure owing to the disco- 
veries made by means of this new instrument of investigation. 

* Gilbert’s Annalen der Physik, zlix. 47. 

+ The reader who is interested in the investigations of these dry piles, 
as they have been called, may consult Gilbert’s Annalen der Physik, vol. 
xlix., in which both the papers of De Luc and Zamboni, and the investiga- 
tions of Jaeger, are tobe found. 
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I have already, in a preceding chapter, given an account of < 
the controversy between Galvani and Volta, which led to the 
discovery of the pile* As it was originally constructed by 
Volta, it consisted of a number of round pieces of zinc, and 
silver, or copper* each about the size of half-a-crown. There 
were as many pieces of pasteboard, as there were of zinc, of 
the same round shape, but a little smaller size than the metal 
discs. These pieces of pasteboard were soaked in an aqueous 
solution of common salt, which is a better conductor of elec- 
tricity than pure water.*' These pieces of metal and moist 
card* were piled upon each other in the following order: — 
Zinc, silver, moist card ; zinc, silver, moist card, &c., always 
observing the same order, till all the pieces be piled upon each 
other. The card should not be so much soaked with liquid, 
that the weight of the plates laid above it will be sufficient to 
squeeze it out, and cause it to run down the pile. Because in 
that case, it would insinuate itself between the zinc and silver 
discs, which has a surprising effect in diminishing the efficacy 
of the pile. In such a pile, the uppermost plate is silver, and 
the undermost is zinc. The intensity of the electrical pheno- 
mena increases with the number of pairs of plates ; but they 
become sensible when the pairs of plates amount to about 
a dozen. The zinc extremity of such a pile is charged posi- 
tively, and .the silver or copper extremity negatively. If these 
two extremities be brought into contact, by means of a con- 
ducting substance, a metallic wire for example, a current of 
electricity sets through the wire, and continues to pass through 
it as long as the pile retains its activity. Electric sparks may 
be taken, and a Leyden jar may be charged by such a pile, 
precisely as by an electrical machine, though only to a low 
degree of intensity. If we moisten the finger of each hand, 
and apply them, thus wet, to the two extremities of the pile, 
at the instant of contact we feel a shock, the intensity of which 
increases with the number of pairs of plates of which the pile 
is composed. As long as the fingers are kept in contact with 
the poles of the pile, we feel no sensation of pain, unless a 
portion of the cuticle be rubbed off, or any part of the finger 
wounded, in which case we become sensible of a burning sensa- 


i. XVI. 
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Part tion in the wounded part, which becomes more and more pain- 
ful according to the number of plates, and the degree of 
activity of the pile. If we touch the negative end of the pile 
with the wet finger, and bring a platinum or gold wire from 
the positive end in contact with the tongue, we become sensi- 
ble of a strong acid taste. If the wire from the negative end 
be placed in contact with the tongue, while we touch the posi- 
tive pole with a wet finger, we become sensible of a strong 
burning or .alkaline taste. In the same manner, w r e become 
sensible of light, when the electric current is made to pass 
through the eye, or to approach the nerves distributed to* the 

eye * . ^ 
Such were the phenomena observed by Volta, the inveripr 

of the pile, and described by him in his first paper on the sub- 
ject.* It will be proper, before proceeding farther, to explain 
the various modifications which Volta’s pile underwent in the 
hands of chemical experimenters. 

improved The first improvement was made by Mr Cruikshanks of 

8hanks. lk " Woolwich. The object of it was to facilitate the construction 
of the pile. He employed square platei^Bf zinc and copper, 
each about four inches long, and as much in breadth. These 
plates were soldered together, two and two ; and cemented in 
a trough of wood, by means of pitch, or any non-conducting 
substance with which the inner side of the trough was covered. 
These soldered plates of zinc and copper were placed all in the 
same way in the trough ; that is to say, the zinc sides were all 
turned towards one end of the trough, and the copper sides 
towards the other end. These plates were cemented into the 
trough, at the distance of about a quarter of an inch from 
each other, thus dividing the trough into as many separate 
cells as there were pairs of plates. To make the trough fit 
for action, nothing morf was necessary than to fill the cells 
with the liquid destined to act as a conductor. It is evident 
that such a trough would act the part of. Volta’s pile; and 
that the end of it terminated by the zinc plate would be posi- 
tive, while that terminated by the copper plate would be 
negative. 

* Phil. Trans. 1800, p. 403. 
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The next modification was to substitute wooden or stone- Ch. xvi. 
ware troughs, divided each into ten cells. The zinc and 
copper plates, instead of being soldered together along their 
whole surface, had each a ribbon of copper, proceeding from 
the top of the copper plate, and soldered to the top of the zinc * 
plate. This ribbon was of such a length as just to pass over 
the division between two adjacent cells* so that the zinc plate 
could be placed in one cell and the copper in the next adja- 
cent. In this way, the plates were arranged so as to fill the 
trough, (as has been explained in a preceding chapter,) and 
the ^battery was increased ad libitum , by placing any num- 
ber of troughs side by side, and connecting them with each 
other. 

It was observed by Dr Wollaston, that the electricity ^ Wollas " 
evolved was proportional to the surface of copper opposite to 
the surface of zinc. The zinc plate is the one that is corroded 
and destroyed by the action of the dilute acid in the cells ; 
but it is acted upon on both sides, while in the original con- 
struction of the battery, only one side of the zinc is opposed 
by copper. This causes a useless waste of the zinc plates 
without a corresponding evolution of electricity. To remedy 
this defect, he suggested the propriety df surrounding the zinc 
plate with copper, taking care that the two metals did not 
come in contact, except where the copper ribbon is soldered 
to the zinc. This new modification was found considerably 
to increase the energy of the battery. 

Morichini has shown that the energy of the apparatus in- 
creases in proportion as the surface of the electro-negative 
metal is extended. This metal may, he says, be sextupled 
with always an increasing energy ; beyond that point, the rate 
at which the energy increases is slower.* 

Dr Hare, professor of chemistry at Philadelphia, has con- Hare^ron- 
trived a new modification of the galvanfl apparatus. He takes * P ate *" 
two plates, one of copper and the other of zinc, and placing 
a disc of leather between the two* he rolls them up in the form of 
a spiral. The leather disc is now removed, and the two metals 

* Berzelius, Traite de Chimie, i. 138. 
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are prevented from touching each other, by interposing slips 
of wood. Each of these plates is made to communicate with a 
plate of a different kind of metal, the zinc with copper, and the 
copper with zinc, precisely in the way already described when 
giving an account of the troughs. A number of these double 
spirals are fixed upon a piece of wood in the same way as has 
been just explained. These cylinders are now introduced, 
each into a cylindrical glass vessel. This method of construc- 
tion is attended with several important advantages. By this 
contrivance plates of a very large size may be introduced into 
a very small vessel ; so that the expenditure of liquid MLthe 
least possible. Besides, the greatest part of the two sides of 
each plate is active, being placed opposite to a face of the 
other metal. 

Dr Hare has constructed another apparatus, which he calls 
a deflagrator , and which appears to possess very great power. 
He takes a plate of zinc three or four inches square, and 
encloses it in a case of copper, distant from it about a line, 
and touching it nowhere. Any number of these plates thus 
enclosed in copper is attached to a horizontal piece of wood,' 
and fixed immovably that there may be no risk of the plat* 
of zinc touching the copper case in which it is enclosed. Th& 
zinc plate at the first of these is united at the top to the copper 
case of the next zinc plate ; and this is continued through 
the whole. These copper cases are placed at a very small 
distance from each other, and .between each pair is introduced 
a piece of card dipped in linseed-oil varnish, and half dry. 
They are then compressed so as to adhere so closely to each 
other, that no water can insinuate itself between them. Things 
being thus disposed, the apparatus is plunged into # trough 
containing the liquid, and not divided into cells ; the varnished 
card answering all thenurposes of the diaphragms in the por- 
celain troughs. Four such pieces of apparatus, containing 
each fifty plates of zinc, surrounded each by its copper case, 
when plunged into their proper troughs, produce very power- 
ful effects. 

The apparatus employed by CErsted, and of the efficacy of 
which he speaks in high terms, approaches very nearly to this 
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last one of Hare* Indeed the theoretical construction of both Ch. x Vi. 
is the same. ~~— 

The improvements in the Voltaic battery suggested by Dr 
Hare have been fully confirmed by Mr Faraday.* It will be 
proper,. in this place, to give a concise account of the most 
important of these improvements. 

* In the Voltaic battery, the chemical forces which, during 
their activity, give power to the instrument, may be divided 
into two portions. The first of these is exerted locally, while 
the second is transferred round the circle. The latter con- 
stitutes the electrical current, while the former is altogether 
lost nr wasted. The ratio between these two portions may vary 
exceedingly. When the battery is not closed, all the action 
is local. When amalgamated zinc plates are used, in the way 
first suggested by Mr Kemp,t all the chemical power circulates 
and becomes electricity. 

Amalgamated zinc even though impure does not sensibly 
decompose the water of dilute sulphuric acid, but still has such mated zinc, 
an affinity for the oxygen, that the moment a metal, as copper, 
which has but little affinity, touches it in the acid, a powerful 
and abundant electric current is produced. Faraday conceives 
that the mercury acts by bringing the surface, in consequence 
of its fluidity, into one uniform condition, and preventing those 
differences in character between one spot and another, which 
are necessary for producing the minute Voltaic circuits de- 
scribed by Mr Faraday 4 If any difference does exist at the 
first moment, with regard to the proportion of zinc and mer- 
cury at one spot of the surface, as compared with that of 
another; that spot which has the least mercury being first 
acted on, is soon, by the solution of the zinc, placed in the 
same condition with the other parts, and the whole plate ren- 
dered uniform on the surface : hence, one part cannot act as a 
discharger to another, and the full equivalent of electricity is 
obtained for the oxydation of a certain quantity of zinc. A 
battery constructed with the zinc so prepared, and charged 

* Phil. Trans. 1835, p. 263. . 
f Jameson’s Edinburgh Journal, October, 1828. 
t Phil. Trans. 1834, p. 457. 
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with dilute sulphuric acid, is active only while the electrodes 
are connected, and ceases to be acted on by the acid the 
moment the communication is broken. 

Mr Faraday constructed a Small battery of ten pairs of 
plates, consisting of amalgamated zinc and platinum connected 
together by being soldered to platinum wires. The apparatus 
had the form of the couronne des tasses. The liquid used, was* 
dilute sulphuric acid, of the specific gravity 1*25. No action 
took place upon the metals, except when the electrodes were 
in communication, and then the action on the zinc was only 
proportional to the decomposition of water in the experimental 
cell; that is to say, for every O’ 125 grains of hydrogeilngas 
evolved, 4*125 grains of zinc were dissolved by the sulphuric 
acid in each cell. The advantage of such a battery is, that 
it will remain much longer active than an ordinary battery, and 
the zinc plate will be much less corroded in a given time. 

We can always determine the quantity of zinc which goes 
to waste in a Voltaic battery, by comparing the quantity of 
hydrogen evolved in the experimental cell, with the quantity 
of zinc dissolved in any of the cells of the battery. If 4*125 
of zinc be dissolved for every 0*125 of hydrogen evolved, there 
is no waste. If 8*25 <zinc be dissolved for every 0*125 hydro- 
gen, then half the zinc is dissolved without contributing any 
thing to the electric current ; and so with every other pro- 
portion. 

If a Voltaic battfery were constructed of zinc and platinum, 
the latter metal surrounding the former, as in the double 
copper arrangement, and if the whole were excited by dilute 
sulphuric acid, no insulating divisions of glass, porcelain, or air, 
would be required between the contiguous platinum surfaces. 
And, provided these did not touch metallically, the same acid 
which, between the zinc and platinum would excite the battery 
to powerful action, would, between the two surfaces of plati* 
num, produce no discharge of the electricity, nor cause any 
diminutions of the power of the trough. This is a necessary 
consequence of the^ resistance to the current which Faraday 
has shown occurs at the place of decomposition.* 

# Phil. Trans. 1834, p. 460. 



•THE VOLTAIC PILE. 


465 


If the metal surrounding the zinc be copper, and if the acid Ch. xvi. 
he nitro-sulphuric, then a slight discharge between the two con- 
tiguous coppers does take place, provided there be no other 
channel open , by which the forces may circulate ; but when 
such a>channel is permitted, the return discharge is. exceed- 
ingly diminished. 

These principles, no doubt, guided Dr Hare in the con- 
struction of his trough;* at least they led Faraday to adopt battery 
an instrument of precisely the same kind.f The zinc plates 
were cut from rolled metal, and when soldered to the copper 
plates, had the form delineated in fig. 1. z representing the. 
f 2%. l. 



zinc, and c the copper plate, soldered together at a. They 
were bent over a gauge into the form fig. 2, and when packed 
ipto the wooden box, constructed to receive them, were ar- 
ranged as in fig. 3 ; little plugs of cork being used to prevent 
the zinc plates from touching the copper plates, and a single*' 
or double thickness of cartridge paper being interposed between 
the contiguous surfaces of copper, to prevent them from coming 
in contact. The advantage of this construction is the facility 
with which the battery can be packed and unpacked, the ve*jr 
small room which it occupies, and the small quantity of dilute, 
acid required to bring it into action. 

Dr Hare contrived to make the plates turn on a pivot, so • 
as to be* taken at once out of the trough *by simply turning 

* Phil. Mag. lziii. 241 ; and Silliman’s Jour. vii. 347. 
i t Phil. Trans. 1835, p. 264. 

2 H 
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them round. These pivots give fixed terminations, which 
enable us to arrange an apparatus to be used with the Battery, 
before we bring the battery into action. 

The trough is pixt into readiness for use in an instant, a 
single jug of dilute acid being sufficient to charge a hundred 
pairs of four inch plates. On making the trough pass through 
a quarter of a revolution it becomes active, and the great 
advantages obtained, of procuring for the experiment the effect 
of the first contact of the zinc and acid, which is twicej and 
sometimes even thrice, that which the battery can produce in 
a minute or two after. 

When the experiment is completed, the acid can be at*once 
poured from between the plates, so that the battery is never 
left to waste during an unconnected state of its extremities. 
This will constitute a considerable saving both of the zinc and 
the acid. In consequence of this saving, thinner plates of zinc 
may be used, and Mr Faraday has found rolled zinc to be 
superior to cast zinc in action, owing probably to its greater 
purity, or perhaps to the greater smoothness and evenness of V 
the surface. By using a due mixture of nitric and rf&^uric 
acid for the charge, no gas is evolved from the trougn&V so 
that a battery of several hundred pairs of plates may, without 
inconvenience, be close to the experimenter. If, inuring a 
series of experiments, the acid becomes exhausted/ it Can be 
withdrawn and replaced by other acid with the utmost facility, 
and the plates may be easily washed after the experiment is 
concluded. 

Mr Faraday has made some practical observations respect- 
ing the construction and use of the Voltaic battery, the result 
of a great deal of practice and acute observation. They 
deserve, on that account, to be stated in this place.* 

1. Nature and strength of the acid .— Mr Faraday charged 
a battery of forty pairs of three inch plates, with a mixture of 
200 water, and 9 of sulphuric acid Of commerce. Each plate 
lbst 4*66 atoins.of zinc for every atom of water decomposed ; 
sb thatilf^whole batt4rylbst 186*4 atoms of zinc, for every 

* Phil. Trans. 1835, p. 268. 
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atom of water decomposed.* Being charged with a mixture of Ch. xvi. 
200 water and 1 6 of muriatic acid, * each plate lost 3*8 atoms, or 
the whole battery 152 atoms of zinc for every atom of water 
decomposed* Being charged with a mixture of 200 water and 8 
nitric acid,f each plate of zinc lost 1*85, or the whole battery 
74*16 atoms for every atom of water decomposed. The sul- 
phuric and muriatic acids evolved much hydrogen gas at the 
plates in the trough ; but the nitric acid occasioned the evolu- 
tion %f no gas Whatever. From these experiments, il is obvi- 
ous that nitric acid is the best. Mr Faraday thinks that it 
owes this superiority to its favouring the electrolyzation of the 
liquid in the cells of the trough, and consequently favouring 
the transmission of electricity, and of course the production of 
transferable power. 

The addition of nitric acid ‘improves both sulphuric and 
muriatic acids. When the same trough was charged with a 
mixture of 200 water, 9 sulphuric acid, and 4 nitric acid, each 
plate of zinc lost 2*786, and the whole battery 111*5 atoms 
for every atom of water decomposed. When the charge was 
200 water, 9 sulphuric acid, and 8 nitric acid, the loss per 
plate was 2*26 atoms, or for the whole battery 90*4 atoms for 
every atom of w r ater decomposed, ^hen the charge was 200 
water, 1 6 muriatic acid, and 6 nitric acid, the loss per plate 
was 2*11, and of the whole battery 84*4 atoms for each atom 
of water. We see here the advantage of adding nitric acid to 
sulphuric. Mr Faraday’s usual charge is 200 water, 4£ sul- 
phuric acid, and 4 nitric acid. 

It would appear from Mr Faraday’s experiments, that the in- 
crease of the strength of the acid does not add much to the elec- 
trolytic effects. When the trough was charged with a mixture of . 

200 water and 8 nitric acid, each plate lost 1*854 atoms of zinc 
for the decomposition of 1 atom of water. When the charge 
was 200 water and 16 nitric acid, the loss per plate was 1*82 
atoms sine ; when it was 200 water and 32 nitric acid, the loss 
was 2*1 atoms per plate. When a charge, consisting of 200 
4 water, 4^- sulphuric acid, and 4 nitric acid, was used, each plate 

* One cubic inch of this acid dissolved 108 grains of marble. 

f One cubic inch of this acid dissolved 150 grains of marble. 
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lost 2*16 atoms ; with a charge of 200 water, 9 sulphuric acid, 
and 8 nitric acid, the loss was 2*26 atoms. 

No copper is dissolved during the regular action of the 
Voltaic trough. Much ammonia is formed in the cells when 
nitric acid either pure or mixed with sulphuric is used. 

2. The uniformity of the charge in all the different cells of" 
the troughs is of great consequence to the regular action of 
the battery. 

3. The zinc . — If pure zinc could be obtained, it would be 

very advantageous in the construction of the Voltaic ap- 
paratus. Most zincs when put into dilute sulphuric acid, 
leave more or less of an insoluble matter upon the surface in 
form of a crust. It is a mixture of copper, lead, zinc, iron, 
cadmium, &c. Such particles by discharging part of the 
transferable power, diminish .the effect of the battery. No 
gas ought to rise ffom the zinc plates, the more gas is gener- 
ated upon them, the greater is the local action and the less the 
transferable force. The investing crust upon the surface of 
the zinc plates is also inconvenient, by preventing the displace^ 
ment and renewal of the charge upon the surface of the ziiic. 
The more slowly the zinc dissolves in the dilute acid so much 
the better. Zinc containing much copper should be particu- 
larly avoided; Mr Faraday found rolled Liege or Mosselman’s 
zinc the best. A 

After use, the plates of a battery should be cleaned from the 
metallic powder upon their surfaces. If a few foul plates are 
mingled with many clean ones they make the actions in the 
different cells irregular, the transferable power is diminished, 
while the local and wasted power is increased. 

Voltaic batteries are much more powerful when the plates 
are new than after they have been used two or three times. 
A trough of twenty pairs of four inch plates, charged with 200 
water, sulphuric acid, and 4 nitric acid, lost the first time it 
was used 2*32 atoms of zinc per plate. When used after the 
fourth tiifie with the same charge, the loss was from 3*26 to 
4*47 atoms jjpp plate. The average being 3*7 atoms the first 
time the forfy pairs of plates trough was used* the loss at each 
plate was ofdy 1*65 atoms; but afterwards it became 2* 16, 
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2*17, 2*52 atoms* The first time twenty pairs of four inch Ch. xvi. 
plates in a porcelain trough were used, the loss per plate was 
3*7 atoms; but afterwards thl loss became 5*25, 5*36, 5*9 
atoms, yet in all these cases the zincs had been well cleaned 
frojn adhering copper, &c., before each trial of power. ; ; 

With rolled zinc the fall of force soon ceased to proceed any 
farther ; but with cast zinc plates belonging to the porcelain 
troughs, it appeared to continue until, at last with a given 
charge each plate lost above twice as much zinc for a given 
amount of action as at first. 

4. Vicinity of the copper and zinc . — It has been long known Zinc and 
that the action of the battery is much promoted by bringing should bo 
the copper and zinc surfaces as near to each other as possible. "ther? ac 
Mr Faraday has found that the sum of the transferable power 
compared with the whole amount of the chemical action on the 
plates is much increased by this proximity. The reason of 
this is evident. Whatever tends to retard the circulation of the 
transferable force, diminishes that force while it increases the 
local action. The liquid in the cells possesses this retarding 
power, and therefore acts injuriously according to the quantity 
of it between the zinc and copper plates : hence a trough in 
which the plates are only half the distance asunder at which 
they are placed in another, will produce more transferable an<j. 
less local effect than the latter. 

The superiority of double coppers over single plates de- 
pends in part upon diminishing the resistance offered toy the 
electrolyte between the metals ; for with double coppers the 
sectional area of the interposed acid becomes nearly double 
that with single coppers, and of course it transmits the elec- 
tricity more freely. Double coppers are effective chiefly be- 
cause they virtually double the acting surface of the zinc ; for 
in a trough with single copper plated and the usual construc- 
tion of cells, that surface of zinc which is not opposed to a 
copper surface is thrown almost entirely out of the Voltaic 
action, yet the acid continues to act upon it, and to dissolve 
ii without producing any beneficial effect. When by doubling 
the copper, that metal is opposed to the second surface of the 
zinc plate, a great part of the action upon the latter is con- 
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verted into transferable force, and thus the power of the 
trough is much increased. 

5. First immersion of the plates . — -Mr Faraday ascribes the 
great effect produced at the first immersion of the plates to 
the unchanged condition of the acid in contact with the zinc 
plate. As the acid becomes neutralized, its exciting power is 
proportionably diminished. Dr Hare’s form of trough secures 
much advantage of this kind, by mingling the liquid and bring- 
ing what may be considered as a fresh surface of acid against 
the plates every time it is used immediately after rest. 

6. Number of plates . — The most advantageous number of 
the plates in a battery used for chemical decomposition de- 
pends upon the resistance to be overcome at the place of ac- 
tion ; but whatever that resistance may be, there is a certain 
number of plates which is most economical. Ten pairs of four 
inch plates in a porcelain trough of the ordinary construction, 
acting upon dilute sulphuric acid of specific gravity 1*314, 
gave an average consumption of 5-4 atoms of zinc per plate, 
or 54 atoms on the whole. Twenty pairs of the same plates 
with the same acid, give a consumption of 5*5 atoms per plate, 
or 1 10 atoms on the wlicle ; while forty pairs of the same plates 
with the same acid gave 3-54 atoms per plate, or 141*6 atoms 
on the whole. Thus the consumption of zinc arranged in 
twenty plates was more advantageous than if arranged either 
as ten or as forty. Ten pairs of 4 inch plates lost each 6*76 
atoms, or 67 # 6 atoms of zinc on the whole in effecting decom- 
position; while twenty pairs of the same plates, excited by the. 
same acid, lost 3*7 atoms each, or 74 adorns on the whole. Itii 
other comparative experiments made bj&Mr Faraday, ten pairs 
of 3 inch plates lost 3*725 atoms, or 37*25 on the wliole*; while 
twenty pairs lost 2*53 atoms each ; or 50*6 in all, and forty 
pairs lost 2*21 atoms each, or 88*4 atoms nrall. Thus it ap- 
pears, |hat with acid of the strength above indicated, twenty 
pairs of plates aremore economical than either ten or forty pairs* 

But when a weaker acid or worse conductor is used, the 
number bf plates which ttdvaiitageoiiiS' is increased; 

On the other hand, stropgei* acid or a better con- 

ductor, the number of platfek may be reduced even to a single 
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pair, as, for instance, when a thick wire is employed to com- Ch. xyi. 
plete the circuit* The reason o ( f this is, that each successive 
plate in the Voltaic apparatus does not add any thing to the 
quantity of transferable power or electricity which the first 
plate can set in motion, provided a good conductor be present; 
but tends only to increase the intensity of that quantity, or to 
make it more able to overcome the obstruction of bad con- 
ductors. 

7* Large or small plates . — The advantageous use of large 
or small plates for electrolyzations depends upon the facility 
with which the transferable electricity can pass. If in a parti- 
cular case the most effectual number of plates is known, the 
addition of more, zinc would be most advantageously made by 
increasing the size of the plates and not their number. Large , 
increase of the size of the plates raises in a small degree the 
most favourable number. Large and small plates should not 
be used together in the same battery. The small ones occasion 
a loss of power of the large ones, unless they be excited by 
an acid proportionally more powerful; for with the same acid 
they cannot transmit the same portion of electricity in a given 
time as is evolved from the larger plates. 

8. Simultaneous decompositions . — When the number of plates Effect of 
in a battery much surpasses the most favourable proportion, conductors, 
two or more decompositions may be effected at the same time 
with advantage. Thus in Mr Faraday’s trough of forty pairs, 
one Volta’s electrometer produced 22*8 cubic inches of gas in 
a given time. Being recharged exactly in the same manner, 
the produce in each of two Volta electrometers was 21 cubic 
inches. In the first experiment the whole consumption of 
zinc was 88*4 atoms, and in the second only 48*28 atoms, for 
the whole water decomposed in both electrometers ; but when 
twenty pairs of 4 inch plates were tried in the same manner, 
the results were of an opposite nature. With one electrometer 
52 cubic inches of gas were obtained ; with two only 14*6 
cubic inches in each. The consumption of metal in the first 
case was 74, and in the second 97 atoms. 

That the transferring or conducting power of an electrolyte 
which is to be decomposed should be rendered as good as pos- 
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sible is evident. With a perfectly good conductor and a good 
battery, nearly all the electricity is passed eveh with a single 
pair of plates. With an interposed non-conductor, none of 
the chemical power becomes transferable. With an imper- 
fect conductor, more or less of the chemical pqwer becomes 
transferable according to circumstances; namely, actual in- 
crease or improvement of the conducting power, enlargement 
of the electrolytes, approximation of the electrodes, and in- 
creased intensity of the passing current. 

The introduction of common spring water in place of one 
of the Volta eudiometers used with twenty pairs of 4 inch 
plates, caused such obstruction as not to allow one-fifteenth 
of the transferable force to pass which would have circulated 
* without it. Thus y£ths of the available force of the battery 
were destroyed, yet the platinum electrodes in the wa|er were 
three inches long, nearly an inch wide, and not a quarter of 
an inch apart. . " 

When an ordinary Voltaic battery is in action, its Very ac- 
tivity produces certain effects which cause a serious diminu- 
tion of its power. This makes it a very inconstant instrument 
as to the quantity of effect which it is capable of producing. 
When a battery is in action, the oxide of zinc formed combines 
with the acid employed to excite the actions ; this occasions 
the formation of a film of solution of sulphate, (or nitrate or 
chloride,) of zinc in contact with the zinc plate. The acid 
being neutralized or nearly so in this film, the oxydizement 
of the zinc cannot go on with the same facility as before, and 
the chemical action being thus interrupted, the Voltaic actipn 
diminishes with it. This film of liquid is not easily displaced, 
especially if the surface of the zinc be rough and irregular. 

A second cause of diminution in the force of the Voltaic 
battery, i^ the extraordinary state of the surfaces of metals in 
consequence of which reverse currents are produced after the 
battery has been some time in action. It was first noticed by 
Ritter, and afterwards experimented on by Marianini and A. 
de la Rive. * / 

Weak and exhausted charges should never be used at the 
same time with strong and fresh ones in the different cells of 



THE VOLTAIC PILE. 473 

a trough, or the different troughs of a battery. The fluid in Ch. xvi. 
all the cells should be alike, otherwise the plates in the weaker 
cells, in place of assisting, retard the passage of the elec- 
tricity, generated in and transmitted across the stronger cells. 

Each zinc plate so situated has to be assisted in decomposing 
power before the whole current can pass between it and ,the 
liquid. If in a battery of fifty pairs of plates, ten of the cells 
contain a weaker charge than the others, then, in fact, ten de- 
composing plates are opposed to the transit of the current of 
forty pairs of generating plates ; so that if the ten pairs of 
plates were removed, the remaining forty pairs would be much 
more powerful than the whole fifty. 

Associations of strong and weak pairs of plates should be 
avoided. Faraday found that a pair of copper and platinum 
plates, arranged in accordance with a pair of zinc and platinum 
plates, in dilute sulphuric acid, stopped the whole action of the 
latter. 

The reversal, by accident or otherwise, of the plates in a 
battery, has an exceedingly injurious effect.* It is not merely 
the counteraction of the current which the reversed plates 
produce, but their effects also in retarding as indifferent plates, 
and requiring decomposition to be effected on their surface, 
in accordance with the course of the current before the latter 
can pass.* 

From these observations it is obvious how impossible it is 
to have a Voltaic battery which will act for a considerable 
length of time in a constant and uniform manner ; yet, for 
many important objects of investigation, such an apparatus is 
most important. The scientific world, therefore, lies under 
great obligations to Professor Daniell for his suggesting a 
method of constructing a battery which is constant and uni- 
form in its action for a considerable time, f 

His constant battery consists of ten pairs of plates arranged Danieirs 
circularly in a kind of couronne des tasses. Fig. 1. repre- battery. 1 
sents a section of one of the cells, ten of which are shown in 
connexion in fig. 2. abed is a cylinder of copper six inches 

* Faraday, PhiL Trans. 1834, p. 465. + Phil. Trans. 1836, p. 117. 
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Pan H. high, and three and a half inches wide. It is open at the top 
(a 6); hut closed at the bottom, except a collar (< e/) 9 intended 
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spending with the one at the bottom, rests by two horizontal Ch. xvu 
arms* Previously to the fixing of the glass syphon tubei in its 
place, a membranous tube, formed of a part of the gullet of an 
ox, is drawn through the lower collar (e/), and fastened with 
twine to the upper (l m n 6); and, when tightly fixed by the 
cork below, forming an internal cavity to the cell communi- 
cating with the syphon tube in such a way as that when filled 
with any liquid to the level (m o), any addition causes it to 
flow out at the aperture ( k ). In this state, for any number of 
drops allowed to fall into the top of the cavity, an equal num- 
ber are discharged from the bottom ; p q is a rod of cast zinc, 
amalgamated with mercury, six inches long, and half an inch 
in diameter, supported on the rim of the upper collar by a 
stick of wood (r s), passing through a hole drilled in its upper 
extremity, t is a small cup for the reception of mercury, by 
which, and the cavity (u) at the top of the zinc rod, various 
connexions of the copper and zinc of the different cells may 
be made, by means of wires proceeding from one to the other. 

In fig. 2. ten cells are represented as connected in a single 
series, the zinc of one with the copper of the next. They 
stand upon a small table in a circle, with the apertures of the 
syphon tubes turned inwards, surrounding a large funnel com- 
municating with a basin underneath for the reception of any 
liquid which may overflow. A smaller funnel is supported 
over the internal cavity of each cell by a ring sliding upon 
rods of brass placed between each pair of cells. One of these 
only is shown in the figure to avoid crowding. 

In this battery the surface of one of the amalgamated zinc 
rods is less than ten square inches, while the internal surface 
of the copper cylinder opposed to it is nearly 72 square inches. 

The principal object in^view is to remove out of the circuit 
the oxide of zinc, which has been found injurious to the action 
of the common battery. This is accomplished by the suspen- 
sion of the rod in the interior membranous cell, into which 
fresh acidulated water is allowed slowly to drop from the 
funnel suspended over it, and the aperture of which is adjusted 
for the purpose; while the heavier solution of the oxide is with* * 
drawn from the bottom at an equal rate by the Syphon tube. 
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it. A second object was to absorb the hydrogen evolved upon 
the copper without the precipitation of any substance which 
might deteriorate the latter. This was attained by charging 
the exterior space surrounding the membrane with a saturated 
solution of sulphate of copper instead of dilute acid. Upon 
completing the circuit, the current passed freely through this 
solution. No hydrogen made its appearance upon the con* 
ducting plate ; but a beautiful pink coating of pure copper 
was precipitated upon it, and thus perpetually renewed its 
surface. 

When the whole battery was properly arranged, and charged 
in this manner, no evolution of gas took place from the gene- 
rating or conducting plates, either before or after the con- 
nexions were complete. But when a Voltameter was included 
in the circuit, the action was' found to be very energetic. It 
was also much more steady and permanent than the common 
battery ; but still there was a gradual, though very slow 
decline, which Mr Daniell traced to the weakening of the 
saline solution by the precipitation of the copper, and^the^ 
consequent decline of its conducting power. 

To obviate this defect, he suspended some sulphate of 
copper in small muslin bags, which just dipped bejow the sur- 
face of the solution in the cylinders which gradually dissolv- 
ing as the precipitation proceeded, kept it in a state of 
saturation. This expedient answered the purpose so well 
that the current was perfectly steady for six hours together. 

Fig. 3. represents a section of this additional arrangement. 

( achf ) is the collander with its central collar ( bdge ), 
which rests by a small ledge upon the rim of the cylinder; 
the membrane is drawn through the collar, and turning over 
its edge, is then fastened by twine. r .. 

After this alteraSon/the effective length of the zinc rods 
exposed to the action of the acid was no more than 4£ inches. 
The specific gravity of the solution of sulphate of copper was 
1*1985, amd^hat ofthe standard sulphuric acid was 1*0273. 

Wltl^^^ypi|rge, after the circuit had been completed for 
ten minutesf the, mean quantity of mixed gases, taken at in- ’ 
tervals of^five minutes for two hours, was 2*1 cubic inches. 
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The results never varied more than (hi cubic inch from one Cb. XVI. 
another. The battery was then left in connexion, without ™~ 
the Voltameter, for two hours, and again examined for three 
intervals of. five minutes. The mean quantity of gases evolved 
was found the same as before. It was again left in connexion 
for two hours, and re-examined with the same result. 

On adding nitric acid to the solution of sulphate of copper, 

Mr Danieir found that an injurious effect was produced: the 
mean quantity of gas in five minutes being lowered to 1*1 
cubic inch. At this rate of action, however, the battery 
remained steady for six hours. Mr Daniell then restored the 
sulphate of copper solution in the exterior cavity of the cells 
to its original state, and doubled the strength of the dilute 
acid in the interior portion, adding for this 4J measures of 
strong sulphuric acid of commerce to 100 measures of the 
original weak acid. The specific gravity was now 1-0562 ; 
and the mean quantity qf gas evolved in the Voltameter was 
increased to 3*8 cubic inches in five minutes. Removing the 
meter, and continuing the connexion of the circuit for four 
hours, and then replacing the meter, the battery was found 
to be still acting at the same rate. The addition of nitric acid 
to the solution of sulphate of copper, again reduced the rate 
to 2- 1 cubic inches. 

Mr Daniell now added to the sulphuric acid solution an 
equal volume of nitric acid, and restored the neutral sulphate 
of copper in the exterior division. At the first impression an 
increased effect seemed to be produced, and the action for 
the first quarter of an hour was as high as 4-2 inches of gas 
in five minutes, but it ultimately settled down and remained 
at the former amount of 3*8 inches. 

Mr Daniell found that the number of atoms of water de- 
composed by this battery was very nearly equal to the number 
•of atoms of zinc dissolved; so that very little indeed of the 
action of the battery was local. The whole electricity evolved 
{very nearly) was transferred in the circuit. 

On mixing the same quantity of sulphuric acid as existed 
in the interior division with the sulphate of copper solution, 
the battery vas made more powerful, yielding 13 cubic inches 
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of gas per five minutes, instead of 11 inches. When the ’tem- 
perature of the liquid augmented to 110°, the gas extricated 
in five minutes was 22 inches. It increased with the tem- 
perature, and at 212° was more than doubled.* 

It may be worth while to notice here an ingenious modifi- 
cation of Mr Daniell's battery, contrived by Dr Golding * 
Bird.f It is capable of furnishing a constant current of very 
weak intensity for several weeks, and is therefore very.con- 
venient for certain experiments. A glass cylinder, 1*5 inch 
in diameter, and 4 inches in length, is closed at one end by 
means of a plug of plaster of Paris, 0*7 inch in thiokness. 
This cylinder is fixed, by means of corks, inside a cylindrical 
glass vessel, about 8 inches deep, and 2 inches in diameter. 
A pfece of sheet copper, 6 inches long, and 3 inches wide, 
(having a copper conducting wire soldered to it) is loosely 
coiled up and placed in the small cylinder with the plaster bot- 
tom ; a piece of sheet zinc of equal size is .also loosely coiled 
up and placed in the larger external cylinder (being furnished 
like the copper plate with a conducting wire). The larger 
cylindrical glass being nearly filled with weak brine, and fhe 
smaller with a saturated solution of sulphate of copper, the 
two fluids being prerented from mixing by the plaster of Paris 
diaphragm, the apparatus is complete ; and, if care be taken 
that the fluids in the two cylinders are at the same level, will 
continue to afford a continuous current of electricity for some 
weeks, the sulphate of copper being very rifowly decomposed. 
So feeble is the current evolved by an apparatus of this kind, 
that on connecting the two conducting wires with a common 
: electrometer (having but one needle suspended on a pivot), a 
deviation only to 10° or 12° takes place. With Nobili’s 
Galvanometer (which is much more delicate), a deviation of 
90° immediately ensues. After this apparatus had been left 
in action for some weeks, chloride of zinc was found in the 
external cylinder, and beautiful crystals of metallic copper, 
frequently mixed with crystals of red oxide of copper, together 
with large crystals of sulphate of soda, were found adhering 

^ Phil. Trans. 1837» p. 141. Ibid. p. 39. 
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to the copper plate in the smaller cylinder, especially on that Ch. XVi. 
.part where it touched the plaster diaphragm. 

It has been already observed that pure water is a very bad Effect of^ 
conductor of electricity. It therefore acts imperfectly as an ditionsin " 
electrolyte; but it has been long known that the addition 0 f water ‘ 
Certain substances greatly augments its conducting power. 

This is the case with sulphuric, phosphoric, oxalic, and nitric 
acids ; but tartaric and citric acids give but little power to 
water. Acetic and' boracic acid produce hardly any effect. 
Ammonia produces' no effect, but its carbonate does. The 
caustic alkalies and their carbonates produce a # fair effect. 

Sulphate of soda, nitre, and many soluble salts, produce much 
effect. Cyanodide of mercury, and corrosive sublimate, pro- 
duce no effect; nor does iodine, gum, or sugar. M. de la 
Rive has shown that sulphurous acid, bromine, and iodine, 
produce a considerable effect when added to water, though 
they are not when alone subject to, or a conductor of, the 
powers of a Voltaic battery. The chloride of arsenic pro- 
duces the same effect. In many instances the added substance 
is acted upon either directly or indirectly, but this is not the 
case in all.* 

Faraday has shown that shell lac becomes a conductor by 
absorbing ammonia, or muriatic acid; yet both^Bf these sub- 
stances while gaseous are non-conductors. strong 

aqueous solution of ammonia.f " : W 

It is very remarkable that most electrolytes became non- 
conductors when they assume the solid state. Metals, on the 
contrary, continue conductors both when solid and liquid. 

It may be worth while to notice here some of the secondary Secondary 
decompositions that take place when Voltaic electricity is 
made to act on certain liquids. 

When a solution of sulphate of ammonia and ammonia is 
acted on, azote is evolved at the positive pole, and hydrogen 
at the negative. Here water is decomposed, and the oxygen 
at the positive pole decomposes ammonia, setting azotic gas 

free.} 

* Faraday, Phil. Trans. 1838, p. 94. t Ibid. } Ibid. 1834, p. 85. 
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* Part ii. When a solution of acetate of potash is employed, hydrogen 
is evolved at the negative pole by the decomposition of water, 
while the oxygen at the positive pole, acting pn acetic acid, 
produces carbonic acid, carbonic oxide, and carburetted 
hydrogen.* 

From the facts stated in this chapter, it appears that all 
the electricity evolved in the Voltaic battery is the conse- 
quence of .the solution of the zinc in the acid or saline solu- 
tion used ; that for every atom of water (or other electrolyte) 
decomposed, an atom of zinc must be dissolved in each cell : 
hence it is, evident, that a battery, however large, evolves no 
more electricity than what is given out by a single pair of 
plates of the same size as those in the battery, the effect of 
*the great number of pairs is merely to increase the intensity. 
.Now, as a certain degree of intensity is requisite to dedtotn- 
pose an electrolyte, it happens that the low intensity of the 
"electricity from a single pair, or a very small number of pairs, 
may circulate without decomposing the electrolyte. But Mr 
Faraday found that a single pair of plates gives a spark just 
when oontact is restored.f 

w# »nd y When electricity passes through perfectly conducting bodies, 
i4is«n wire, it produces no sensible effect upon them. But if we diminish 
the size of the conducting body, and augment the quantity of 
electricity bo much, that difficulty begins to be encountered, 
when so large a quantity of electricity is obliged to pass 
through so small a body, effects begin at last to be perceptible. 
Suppose the conducting body to be a metallic wire. The 
wire becomes hot. If the quantity of electricity be increased, 
or the diameter of the wire be diminished, it becomes red 
hot. If -the electricity be still farther increased, the wire ^ 
melts and is dissipated in smoke. The wire is heated equally 
over its whole length, unless its extremity is attached to a * 
better conductor, in which case it is colder, or to a worse 
conductor, in which case it is hotter than the other parts. 

If a given current of electricity heats a wire a certain num- . 
her of degrees, twice the current will produce doubled the 

* Faraday, Phil. Trans. 1834, p. 85. t Phil. Trans. 1834, p. 444. 
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effect, thrice the current triple the effec t, and so on. For exam- Cb. xvi. 

pie, let us suppose a current which moves the Galvanometer 

10°, to raise the temperature of a wire 10°, another current 

which causes a deviation in the Galvanometer amounting to 

20°, will heat the wire 20°, and so on? From this it is edsy to 

see: that it is the quantity of electricity passing through a wire, 

and not the quantity stopped that raises its temperature.. 

<It has been ascertained by experiments which appear satis- 
factory, that the ratio of the current to the temperature is as 
2 : 3 ; that is to say, if the current be doubled, or the section 
of the wire reduced to one half, the augmentation of tem- 
perature is tripled. 

When negative electricity passes from a better conductor 
to a worse/ the temperature rises; when positive . electricity 
passes from a better conductor to a worse, the tempgratu|e 
sinks. Thus, when negative electricity passed from zinc to 
iron, the temperature rose 30°; when positive electricity 
passed from zinc to iron the temperature fell 13°. It would 
appear from this, that some currents instead of evolving heht, 
occasion cold.* % 

The very same effects are produced upon wires, by Voltaic 
electricity, and common electricity ; and in producing these' 
effects, the power of the* Voltaic battery depends, not upon 
the number of pairs of plates, but upon the extent of surface. 

So that a single pair, supposing the surface equally great, 
will be capable of igniting as much wire, as any number of 
pairs of plates, constituting altogether no greater extent of 
surface than the single pair. The reason is evident. The 
effect upon the wire must depend upon the absolute quantity 
of electricity that passes through it in a given time. The 
intensity of the electricity accumulated in a single pair of 
plates, of however large dimensions, is so small that it will 
not give sensible shocks, and wjll scarcely pass thrbugh 
liquids;* yet its absolute quantity is as great as that which 
i# accumulated, in 200 pairs of plates: hence, when it . passes 
through a wire, it will exhibit as great, an effect upon that 

♦ Peltier, Ann. de Chim. et de Pbys* Ivi. 871. v 

‘ ' . ' 2 i * ■■■' 
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tor. 


wire, as would* be produced by a battery composed of 200 
pairs of plates. 

Dr Hare, of. Philadelphia, has constructed an apparatus 
which he calls cabrimotor. It consists of a number of v plates 
of zinc, and as many of copper, about 18 inches square each. 
The copper plates are all placed in contact with each other, 
by means of ribbons of metal soldered to them. The same is 
the case with the zinc plates. These plates are placed alter- 
nately at a small distance from each other in a frame. When 
plunged into a conducting liquid, they constitute, in fact, only 
a single pair of zinc and copper plates of enormous dimen- 
sions. When the zinc is brought Into contact with the copper, 
by means of a platinum wire, of very considerable sizfc, it pro- 
duces the ignition of that wire, for a length of about ti|$V 
inches, and keeps it ignited as long as the apparatus retq^ 
its activity. Yet this apparatus, though so powerful in igiidr 
irig wire, gives no shocks, and produces no sensible cheqycqjl 
effect whatever. These facts have led Dr Hare to suppose, 
that the Voltaic battery produces two distinct and ^con- 
nected effeqjs ; namely, the evolution of electricity, >y(bich 9 
his opinion, occasions the shocks and the chemicab^qcompdsi- 
’ tions, and which depends on the number of paiqji of plates, 
and the evolution of heat , which* occasions the ignition, of 
metallic wires,, and is proportional to the extent of surface in 
action. But the considerations stated above, afford a satis- 
factory explanation of the effects of this apparatus, without 
any necessity to have recourse to the notion, that a current 
of heat passes through the Voltaic battery, as well as a cur- 
rent of electricity. The chemical effects produced by electri- 
city must, of necessity, depend upon its intensity ; but the 
property which it has of igniting metals must depend upon its 
absolute quantity. In the calorimotor the intenlity is a mini- 
mum; being only that produced by a single ]&ir of plates; 
but the absolute quantity may be as great as we please, as it 
depends upon the extent of the surface of the two plate?, 
opposite to each ether. 

We shall terminate thjs chapter with an account of several 
pieces of apparatus inc^ensable to Voltaic investigations: — 
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1. Voltameter. — This is a glass tube, shut *&t one end and CH. xvi. 
open at the other. Through the shut end passes a platinum « |1tr _ . 
wire, which terminates in a small platinum plate. This tube **»> 

is filled with a solqtion of dilute sulphuric acid ; and another 
' plate of platinum attached to a wire being introduced into 
the bottom of the tube, the two wires are connected with the 
battery so as to bring the tube into the circuit. The water 
^s decomposed, and the two gases collected, and the quantity 
of gas evolved in a given time measures the powers of the 
battery at the time. 

2. Electro-multiplier. — This very important*instrument was Electro, 
first suggested by Professo^ Schweigger soon after the dis- multipller ‘ 
tpvery of the connexion of electricity and magnetism. It 
cbhsisted > originally of a magnetic needle suspended on a* 

pivot, round which, but at a little distance from the needle so 
as not to touch it, was wrapt*a number of coijp of copper wire, 
covered with silk thread, so as to prevent contact. When 
the Voltaic electricity was macje to pass through this wire, the 
needle deviated to the right or the left according to the direc- 
tion of the current, and by this deviation marked the direc- 
tion ; while the amount of deviation indicated the intensity, 
or at least the quantity of electricity which passed. This 
simple instrument was gradually improved upon. Its sensi-. 
bility depends upon the number of revolutions which the 
copper wire makes round the needle. When these coils are 
numerous, it becomes sensibly affected by a very feeble electric 
current : hence the reason why it is called a multiplier. The 
sensibility also increases with the delicacy of the suspension 
of the needle : hence it is occasionally suspended by a single 
fibre of raw silk. If the magnetic action of the earth upon 
the needle be neutralized, by suspending two needles ip con- 
tact with each other, the north pole of the one being turned 
in the same direction as the south pole of the other, the sen- 
sibility is considerably increased. The number of coils, and 
the size of the copper wire, vary according to the purpose to 
which it is applied. Sometimes the wire is very long, and of 
a very small diameter ; sometimes it is short, and of a diame- 
ter of 0*039 Inch, or at least of half that sizg. Becquerel 
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distinguishes these two varieties by calling the first a multi- 
plier with a long wire, and the other a multiplier with a short 
wire. >Nobili was the contriver of the double needle to 
remove the influence of the magnetism of the earth. We 
shall here give the description and figures of two multipliers 
from M. Becquerel.* 


Fig. 1 . 
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Fig. 2. 
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Dimensions of the wooden frame round which the copper 
wife isfodtd. 

Fig. 1. Plane. Breadth, a b ss 1*063 inches ; * length, 
b c ss 1*575 inches ; opening, o o = 0*2 inch* 

Fig. 2. Section £h the direction of m n ss 0*393 inch# * 
Fig. 3. v Eleva^V^i 0*157 inch. 

• l’Electriciti>u. 16. 
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. We magnetic needles; fig. 4, are* two common sewing. Ct. XVI. 
needles, ‘l*42inch in length, and magnetized to saturation. 

They are placed parallel to one another at t^e distance t of 
0*6 inch from each of the extremities of two copper wires, 
twisted the one upon the other, that they may- be. deranged, 
when necessary.* The needles are suspended by a fibre of 
raw silk 3*94 inches long, 

* Whatever precautions be taken, an appreciable directing 
force still remains ; but it does not hinder the apparatus from 
having a great deal of sensibility. When this directing force 
is too great, .it may be dimi^shed by a contrivance suggested 
by M. Nobili That one of the four poles of the.two needles 
which has. the greatest quantity of magnetism is ascertained, 
a part of its magnetism is removed by rubbing it gently with 
the opposite pole of a weak .magnet ; and this is continued 
till the; system leaves the magnetic meridian, and approaches 
to a direction perpendicular to it; the system is then .made to 
oscillate, anil we judge from the number of oscillations 'in a 


given time if the magnetism of the earth be sufficiently dimin- 
ished. It may be laid down as a general rule, that just the 
directing force should be left, which f is sufficient to cause 
the system to remain in a fixed position, in, order j^at it may 
leave .that position by thef action of a 'very feeble electric cur- 
rent. The whole sensibility of the apparatus depends upon 
this. The frame should be placed upon a moveable support 
that we may be able to give the needle every possible posi- 
tion. We gain this object by placing it on a brass cylinder 
c c, (fig. 5,) Which turns on its axis by means of a wheel 
and pinion represented in the a figure. By turning the but- 
ton b by we cause the galvanometer to assume 'all the posi- 
tions wanted. , The apparatus is placed upon a small table. 


The raw silk fibre is suspended from a rod tt, which can be 
adjhsted at pleasure. The instrument is covered by . a ?;giasjx. 
to screen itfrom thfeaetidhofthe air. '1 ' 


Multiplier with short ioire, or 

sions of frame : — Fig* 1. Plane ; breath a b s= i*9| inch ; 


length, 6 c =5 V97 inch ; Opening, op = 0$1'5 inch. Fig. 2 . 
Section according m 0*63 uich. Fig» 3. Elevation, 
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[p*ru It, ll — 0*1575 inch;' ■ Diameter of copper wire covered with 
silk, 0 - 28 inch. It makes thirty turns round the §Mvano- 
meter. The magnetic needles are 1*8 inch long, and are 
placed afe in the preceding Galvanometer,,, 

Instead of two needles, four may be employed, which are 
placed in the satnd way parallel to each other. The needles 
in the middle have their poles of the same name pointing 
same way. The two extreme needles, also, have their 
of the same name directed towards the same point, bu^|ibf(ed 
the opposite way from the two- central needles. , 

The frame ought to have aq| opening at oo to 

allow the four needles to pass* The two middl^Rwifes are 
placed in the interior, and the two extreme nedp£s| T 4he one 
within and the other without. Becquerel has cm^byed this 
contrivance advantageously, ' but the constrixdtidfa requires 
more care than when two needles only are used. v 

All that is observed when these multipliers a&fe used, is the 
number of degrees which the needle deviates fifrmf its original 
position ; but the relation between thes^^ations and th$ . s 
intensity of the electrical currents diffV,; '* , ..cording to \hb 
construction of the multiplier. The law*of the intensity is 
very complicated, and* could not be understood without enter- 
ing into mathematical details not sfhited this work. The 
reader will find an account of various thethods of deducing 
the intensity from the deviations, in . Becquerel* s Traits de 
V Electricity (ii. 20,) to which the reader is referred. 

CHAPTER XVII. 

OF ELECTRO. M^HETISM. 

In this chapter I shall give as concise an account as possible 
of the recently discovered facts which have shown the depen- 
dency of magnetism on electricity, because they are necessary 
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to complete the sketch which I proposed to give of the prc- Cb.xvn. 
sent state of the science of electricity. 


SECTION I. — SKETCH OF THE PHENOMENA OF MAGNETISM. 

The term magnet or loadstone is usually applied to ai\ ore Magnet 
of iron composed of two atoms of peroxide, and one atom of what * 
protoxide of iron. This ore has the colour of iron, t the 
metallic lustre, a specific gravity of about 5, and it crystallizes 
in octahedrons. It is usually called magnetic iron ore by 
mineralogists. This ore has usually the property of attract- 
ing iron filings to itself. Pieces of it that have lain in the 
earth in a particular direction, are found endowed with two 
or more poles , which alternately attract and repel the poles of 
a magnetic needle. It is to such pieces that the name of 
magnet is applied.* 

If a loadstone, possessed.of two poles, be drawn alofig a bar Artificial 
of steel two or three times, always in the same direction, the 
steel bar will become a magnet. Or if we place a bar of steel 
in*a direction parallel to the axis of the earth, or rather par- 
allel to the dip of the needle, and strike it smartly while in 
that position, for some time ; it will acquire magnetic proper- 
ties. These properties may be communicated to* other bars, 
and the magnetic virtue in each may be increased by methods 
described by all writers on magnetism, and therefore generally 
known. 

» . 

1. If a steel bar, or a steel wire thus converted into a mag- Pole*, 
net, be suspended by the middle by a slender string, or sup- 
ported *on a pivot, on which it can turn easily, one end of it 
will always point towards tlie north, and the other end towards 

* It was called by the Greeks pceywrot, and according 

to some, from the name of a» shepherd, who first discovered it on mount * 

Ida. , Theophrastus does not notice it <in his treatise but it is 

xqptioned by Aristotle, and probably other Greek writers. Pliny treats 
of it under the name of magnes , and gives an account of its property of 
attracting iron. Its polarity was unknown to the ancients, nor is it known 
by whom it was discovered. It was certainly known in the 12th, or be- 
ginning of the 13th century. ; The mariner's compass was introduced by 
Flavio Gioia, or Giri, of Melphi, in the year 1302; - 
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ft* n« the south . If we make it deviate from "this position, it will 
oscillate for some time, and at last settle in the same position 
as at first. That extremity of the bar or wire which points to 
the north , is called the north pole of the magnet, and the other 
extremity which points to the south, is called the south pole . 

samename ^ we P r £ sent ^e nort ^ pole °f one magnet to the north 
repel, of pole of .another magnet, both capable of moving freely upon 

tract. 60 their axes, they repel each other. In like manner the two 
south poles repel each other. But the north pole of one mag- 
net attracts the south pole of another, and vice versa . Cou- 
lomb demonstrated that these attractions and repulsions vary 
inversely as the square of the distance.* 

3. If we determine the direction of a magnetic needle, pro- 
perly suspended, and at liberty to move, we shall find, in 
general, that^ it does not point due north, but either to the 
west or east of north. The exact point of the compass to 
which it* points, varies in different parts of the earth. Kor* 
instance, if we sail from the Straits of Gibraltar to the l^est * 
Indies, in proportion as we recede from Europe and app&ach 
America, the compass will point nearer and nearer due north ; 
and when we come to a certain p&rt of the Gulf of )$exico, it 
will point exactly north.* But if we sail from Gre^ Britain to 
the southern coast of GljBBftiland, we shall find the needle 
deviate farther and farther from the north as we approach 
Greenland, where the deviation will not be less than 45° or 
50° west from north. 

tnfofthe ® vcn if we examine a compass stationed in the same place 
needle. it will not always continue to point exactly in the same direc- 
tion. Suppose, when we first begin to make our observations, 
it were to point due north, after a certain number of years, if 
we again observe the direction, we shall find it to point several 
•degrees west or east from north. This change in the direction 
of the compass in the same qilace is called the variation or 
declination. According to Dr Halley, it was discovered by 
Gellibrand in 1 645 ; and according to Bond, it was first 
noticed by Mr John Mair. The following littl^table will show 


Declina- 
tion of the 
needle. 


♦ Mem. Paris, 1786, p. 587. 
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the variation of the compass at London from the time that it Ch. xvn. 
was first observed, or at least recorded : — * 

ff- 


Years. 

Variations. . 

Observers. 

1580 

11° 

15' 

0" East 

. Barrows. 

1622 

6 

0 

0 * 

Gunter. 

1634 

4 

5 

0 

. . Gellibrand. 

1657 

0 

.0 

0 

. Bond. 

1672 

2 

30 

0 West 

Halley. 

1682 

4 

30 

0 

. 

1692 

6 

0 

0 

. Halley. 

1722 

14 

20 

0 

. Graham. 

1747 

17 

40 

0 

Graham. 

1774 

21 

16 

0 

• Cavandish. 

1786 

23 

17 

0 

. Gilpin. 

1790 

23 

39 

0 

. Gilpin. 

1796 

24 

0 

0 

. Gilpin. 

1800 

24 

3-6 0 

. Gilpin. 

1809 

24 

11 

0 

. Gilpin. 

1814 

24 

21 

10 

. Lee. 

1815 

24 

17 

5 

. Lee. 

1816 

24 

17 

54 

. Lee. 

1817 

24 

17 

0 

. Lee. 

1818 

24 

15 

43 

• . Lee. 

1819 

24 

14 

47 

. Lee. 

1820 

24 

11 

44 

. Lee. 

1821 

24 

11 

18 

. Lee. 

1822 

24 

9 

55 

. Lee. 

1823 

24 

9 

48 

. * Lee. 


We see from this table that it. reached its greatest western 
variation in 1814, or 157 years after the needle was observed 
by Bond to point due north. Since 1814, it has been moving 
slowly eastward; and if it take as many years to return as it 
did to proceed westward, it will reach the point of no deviation 
in the year 1971* Should it go as far to the eastward as it did 
westward, and take as long a time, it 'will reach the, eastern- 
most declination in the year 2128. The total arc of declina- 
tion will be 48° 35' 48", and the period occupied in passing 
over the whole of it will be 314 years. This would be an 
alteration in the variation amounting at an average to 9' 17" 
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flPart II. annually. But it is much smaller than this towards its west- 
ern and eastern limits, while it is much more rapid when 
it deviates but little from due north. Thus during the nine 
years that elapsed between 1814 and 1823, the progress east- 
wards is only 11' 22// or only 1' T'*6 annually. While from 
1657 to 1672, the declination west amounted to 2° 30', or 10' 
annually. Between 1672 and 1682, the increase amounted to 
2°, or 12' annually. It was the same nearly between 1682 and 
1692. Between 1692 and 1722, the average annual increase 
of declination was 16' 40". This was the maximum. After 
the year 1722, the rate diminished very rapidly. It seems to 
have reached half way, or about 12° of western declination 
about the year 1714, or in 57 years. To complete the other 
half 100 years were required. These circumstances render 
it impracticable to calculate the length of the period of the 
variation from any data in our possession.* 

Earth has The first person who attempted to account for the declina- 
four poles. Q f ^ nee( u ej was Dr Halley. He conside||^^<e- gtob« 

of the earth as constituting one great magnetising four 
poles, two to the north and two to the south, atpfinsiderable . 
and unequal distances from th$ poles of the J&rtjp- Two of 
these poles (one to thfe north, the other to the sou^j|) are fixed. 
The other two are moveable. And to account for the motion 
of these last, he conskta|s them as the poles of a* internal 
globe concentric with^Kl of the earth, and not moving with 
the same velocity round its axis ; so that its poles gradually fall 
behind those of the external globe, t This subject has been 
investigated with much ingenuity by Professor Hansteen, of 
Christiania, who has had the advantage of another century, 
and a prodigious number of new observations. He has adopted 
the Halleyan hypothesis, that the earth is a magnet with four 
poles, two north and two south. One of the north poles and 
one of the south are much weaker than the other two. • The 
action of Jbhese poles on each other occasions a slow change in 
their .position, which is followed of necessity by a change in 
the declination of the needle. Hansteen emulates that these 

# We have inserted Han stern’s chart of the dip opposite to page 49$. 
t Halley ; Miscelanea Cureosa, vol. i. pp. 27, 43. 
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poles revolve round the pole of the earth, the one in 1740 and Ch. xvii. 
the other in 860 years. r 

The strongest north pole has been determined by Captain 
Ross to be situated in north latitude 70° 5' 17", and west longi- 
tude 96° 46' 45" near the southern extremity of Prince Regent’s 
inlet, a gulf running south from Barrow’s Straits.* 

The weakest north pole Hansteen considers as situated in 
north latitude 85° 12', and east longitude 140* 6'. This is in 
the Arctic Sea, to the east of Nova Zembla, and not quite 5 
degrees from the terrestrial pole. But Hansteen not consi- 
dering the position of this pole as determined with sufficient 
accuracy, made a journey to Siberia in order to settle it 
from a sufficient number of actual observations on the declina- 
tion and dip of the needle, in different stations on the northern 
shores of Europe and Asia. • 

The strongest south pole, according to Hansteen, is situated 
in south latitude 68° 52', and east longitude 132° 35', not far 
from the meridian of Van Dieman’s Land, though greatly to 
the south. 

The weakest south pole is in south latitude 78° 16', and 
west longitude 135° 59'. It lies in the great South Sea, 
almost as fy to the west of Cape Horfl as that promontory is 
west from London, and greatly within the polar circle, being 
less than 12 degrees from the south pole. These positions 
of the magnetic poles of the earth differ a good deal from those 
assigned by Halley, and are certainly much nearer the truth. 
Hansteen was enabled to attain this approximation to accuracy 
by the vast number of magnetical observations that have been 
made in all parts of the world during the latter part of the 
last century, and the portion of the present which has elapsed, 
chiefly by Captain Cook and the other commanders of the 
numerous voyages of discovery, which have been sent out at 
different times by the British government. 

4. In the year 1722, Mr Graham discovered that the mag- Daily vari- 
netic needle has a daily variation. Mr Canton made a few atlon “ * 
observations on^tbis daily variation, and gave the following as 

* Phil. Trans. 1834, p. 47. 
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the ifiean monthly daily variations at London for the year 


1 ? 59 .:— 

/ 

. January T 8 

/February 8 58 

Mafrch 11 17 

April .... 12 26 

May 13 0 

.June 13 21 


July 13' 14" 

August 12 19 
September 11 43 

October 10 36 
November 8 9 

December 6 58 / 


But the most complete set of observations on the daily varia- 
tion of the needle was made by Colonel Beaufoy. He ob- 
served three times a-day, about half-past eight in the morning,! 


at noon, and about seven in the evening, and he continued his 
observations, for several years without interruption.* The 
declination was always least in the morning, and greatest at 
noon. The mean of observations kept by him for 2 years and 
6 months, give the declination as follows : — 


Morning . 

. 24° 

14' 

39". 

Noon 

24 

21 

54 

Evening - . 

24 ' 

16 

4-5 


From Canton’s observations, it would appear that the decli- 
nation increases with the heat of thef|eather ; but Colonel 
Beaufoy did not find t^is rule to hold in his observations. 

More lately the subject has been taken up by # Mr Barlow 
and Mr Christie, who have published important observations 
on the diurnal variation of the needle in the Philosophical 
Transactions . They observe that the needle begins to decline 
to the east early in the morning, and obtains its greatest devia- 
tion eastwards about seven in the morning. The needle then 
begins to move westwards to about half-past ten o’clock, when 
the diurnal variations are zero. The needle now begins to 
decline westwards, and continues to do so till about half-past 
one, or two o’clocj^ when it has reached its maximum. . It 
-then begins to diminish, the needle again moving eastward., 

* These valuable observations will be found in the Annals ofPhxlosphy 
(1st series), beginning at vol. in, and Continuing till the end of vol. \i. 
They were again resumed in vol. ix. p. 390, and continued till yol. xvi. 
including a series of three years and nine months. In ti tip Annals ofPhilp* 
sophy (new series), i. 94, wiU be found a summary of all his observations,, 
drawn up by Colonel Beaufoy hhnselK ' 
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At about 5 o’clock the deviation again vanishes, and the needle Cfa. xvii. 
points again to the magnetic north. It continues to move east T~ ’ 
till late in the evqping.* 

5. If a st6el wire, supported horizontally upon its centre of Wjor 
gpajutv, be converted into a magnet, it will no longer remain * nc * inat * on * 
hornHtal. The north pole dips down towards the earth, 
while the south pole is elevated. This is called the dip or 
inclination of the magnetic needle. It was first observed by 
Robert Norman, in 1576. He constructed an instrument to 
measure the angle which such a needle made with a supposed 
horizontal needle, and he states it for London* at 71° 50'. If 
we carry such a needle south towards the equator, we observe 


* The following table exhibits the mean monthly variation of the compass, 
from April 1817, to March 1819, as determined by Colonel Bcaufoy * 


From April, 1817, 
to March, 1819. 

Years 1817 and 
1818, westerly 
variation. 

Years 1818 and 
1819, westerly 
variation. 

Differ, in 
morning, 
noon, and 
evening. 

Differ- 
ence in 
1817 and 
1818. 

Differ- 
ence in 
1818 and 
1819: 

Mean of 
the two. 

* ( 

’’Morning 

si' 

52" 

240 34 / t) 6 " 

n — m 

12 ' 

51" 

10 ' 

44' 

11 ' 

48" 

April 1 

Noon 


44 

43 

— 

44 

50 

» — e 

8 

45 

8 

14* 

8 

30 

i 

t Evening 

— 

35 

68 

— 

36 

36 

e — m 

4 

6 

***> 

3 

18 


r Morning 

— 

32 

20 

— 

36 

18 

n — m 

10 

15 

9 

31 

9 

53 

May J 

Noon 



42 

35 

— 

46 

49 

n — e 

7 

50 

7 

14 

7 

32 


[Evening 

— 

34 

45 

— 

38 

35 

e — m 

2 

25 

2 

17 

2 

21 


f Morning 

— 

31 

09 

— 

S3 

47 

n — 51 

11 

5 

n 

24 

•l 

15 

June -i 

Noon 



42 

14 

— I 

45 

11 

n — e 

8 

9 

7 

31 

7 

60 


[Evening 

— 

34 

05 

— 

37 

40 

e — tn 

2 

56 

3 


*3 

25 


f Morning 

— 

31 

14 

— 

34 

24 

n — m 

10 

52 

104 

m' 

iio 

43 

. July J 

Noon 

MM 

42 

CG 

— 

44 

59 

n — e 

6 

23 

6 

45 

6 

34 


[Evening 

— 

35 

43 

— 

38 

14 

e — m 

4 

29 

3 

60 

4 

9 

■ 

r Morning 

mmm 

31 

16 



34 

40 

n — m 

11 

35 

11 

18 

11 

26 

Aug. J 

Noon 

mmm 

42 

45 



45 

58 

n — . e 

9 

6 

8 

8 

8 

34 

* 

[ Evening 

— 

S3 

45 


37 

50 

e — m 

2 

29 

3 

10 

2 

52 


f Morning 

— 

33 

02 

— 

34 

24 

it — m 

8 

34 

10 

53 

9 

44 

Sept. -< 

! Noon 

— 

41 

36 

— 

45 

22 

n — c 

6 

58 

7 

54 

7 

26 

' . 

[Evening 

— 

84 

38 

MM 

87 

28 

6 m 

1 

36 

2 

59 

2 

18 

Oct. J 

f Morning 

— 

81* 

06 

— 

35 

36 


9 

40 

7 

52 

8 

46 


S Noon 

Mi 

40 

46 

MM * 

45 

28 








Nov. -1 

f Morning 

— 

31 

49 

«M 

33 

24 

n — m 

6 

6 

8 

17 

7 

10 


i Noon 

M. 

37 

55 

MM 

41 

41 



• 1 





J 

1 Morning 

— 

34 

03 

MM 

37 

04 

n — m 

3 

59 

4 

16 

4 

07 


[Noon 

M^M 

38 

(J 2 

M. 

41 

20 








Ton J 

[Morning 

Mi 

34 

02 

— 

35 

42 

n •— m 

# 

55 

4 

12 

5 

03 


Noon 



89 

67 

MM. 

39 

54 


w 






17^1, ■' J 

'Morning 

. — 

34 

22 

MM. 

34 

17 

it — m 

6 

29 

5 

38 

6 

03 

rep, m 

Noon 

mml 

40 

61 

MM. 

39 

55 








... 1 

1 Morning 

mm‘ 

33 

18 

M 

38 

18 

» — - m 

8 

19 

8 

24 

8 

22 

Marche 

Noon 

mM 

41 

87 

'mm' 

41 

42 

n — e , 

7 

50 

6 

25 

7 

07 

■ 

: Evening 

— 

S3 

47 

— 

35 

17 

e — m 

0 

29 

1 

59 

1 

15 


Mr Barlow has given a very ingenious and plausible explanation of the 
daily variation, by supposing the sun to possess a certain magnetic action 
on die needle. See his Essay on Magnetic Attractions, p. 96. 
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Partrli, that the dip diminishes in proportion with the, diminution of 
latitude ; till at last, at a certain point of the earth’s surface, 
constituting the magnetic equator, the needlp has no dip at all, 
but stands perfectly horizontal. When we pass this equator, 
the dip begins again to make its appearance; but it is the 
south pole which is now sunk towards the earth, whiff the 
north pole is elevated, and the dip of the south pole increases 
as the latitude increases. 

To understand the reason of this dip, we have only to recol- 
lect that the earth is a magnet, and that its poles are situated 
below its surface. The directive property of the needle, is 
owing to the attraction of these poles. When the needle is 
on the north side of the magnetic equator, the earth’s north 
poles will have the greatest effect, and the needle will point 
directly to that north pole, which is so situated as to have the 
greatest intensity relative to the needle. If the needle was 
directly over that pole, its north pole pointing to it would 
cause the needle to assume a position perpendicular to the 
horizon. The farther sOuth it is, the greater will Be the 
action of the earth’s south poles. This will occas^||i diminu- 
tion of the dip. At the magnetic equator both the north and 
soutft poles will act vrith equal energy on the needle. The 
consequence must be that it will assume a direction perfectly 
horizontal. To the south oi the magnetic equator, the south 
poles of the earth will act more powerfully upon the needle than 
the north poles: hence the south pole of the needle will begin 
to dip, and this dip will increase as we advance southwards. 

As the magnetic poles do not coincide with the terrestrial 
poles, it is obvious that the magnetic equator cannot coincide 
with the terrestrial equator. It was long believed, that the 
magnetic equator was a great circle, the plane of which was 
inclined to that o|£he terrestrial equator at an angle of about 
12°; that it cut the equator in two points or nodes, one of 
which was situated in about west longitude, 115° 24' 44", 
considerably to the west of the Oalipagos islands, situated 
fiear Columbia in South America, and the opposite node in 
west longitude 295° 24' 44'", situated in the Indian Ocean; but 
the numerous magnetic observations made by Captain Cook 
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in his various voyages enabled Biot to show that this opinion CH» XVH. 
was ill founded.* It corresponded indeed with the magnetic . 
observations made, in the Atlantic and Indian oceans, and in 
Europe and the coasts of Africa and America ; but was quite 
irreconcileable with those In the Pacific Ocean between west 
longitude 115° and 270°, which comprehends littleless than a 
hemisphere. *He showed that Cook and Bayley crossed the 
magnetic meridian in west longitude 158° 41' 53", and in 3° 

13' 40" south latitude. Biot concluded from this, that there 
were three or probably four nodes or crossings of the terrestrial 
equator by the magnetic equator. 

M. Morlet, by apeculiar method of interpolation, determined 
the position of these nodes, and likewise the true form of the 
magnetic equator. M. Hansteen also determined the position 
of the magnetic equator, founding his calculations, as M. 

Morlet had done, upon observations made in 1780. M. 
Duperrey afterwards fixed the position of the magnetic equator, 
from the numerous observations made by him in his voyages 
of discovery in the years 1822, 1823, 1824, and 1825.f 

Though the data employed by Morlet and Hansteen were 
the same, some slight differences appear in their determina- 
tions. The magnetic equator is placed by both wholly to the 
south of the equinoctial line, in the Atlantic Ocean, between 
Africa and America. In west longitude 24° 52', it is 13° or 
1 4° to the south ; in the chart of Hansteen, it crosses the equator 
about 22° 8' of east longitude. M. Morlet places the node 
about 4° farther west. 

Setting out from this node and advancing into the Indian 
Ocean, the line of no inclination rises rapidly to the north of 
the equator ; it leaves Africa a little to the south of Cape 
Guardafan, and reaches its maximum of northing (about 12o) 
in 62° 8' of east longitude. Between thistoeridian and 174° 

8* of east longitude, the magnetic equator is always in the 
northern hemisphere. It cuts the peninsula of Hihdostan a 
little to. the north of Cape Comorin; traverses the Bay of 
Bengal, inclining slightly to the equator, from which its average 

* Traits da Physique, iii. 128. f PoggcndorfF s Annalen, xxi. J5T. 



496 * ELECTRICITY. 

Part ir. distance is about 8° at the entrance of the Gulf of Siam, ad- 
~~ vances a very little to the north, and is almost parallel to the 
equator at the northern extremity of Borneo and for a con- 
siderable way east. It passes through the Island of Paraguay, 

through the strait which separates the most southerly of the 
Philippines from the isle of Mindanao, and at the meridian of 
Waigiou is 9° to the north ^ c the equator. 'After passing- 
through the Caroline isles, it inclines rapidly to the south, and 
cuts the terrestrial equal _• according to Morlet in 174°, and 
according to llanstccn in 187° of east longitude. There is 
considerable uncertainty about the position of another node 
situated also in the Pacific Ocean. It. ought to be not far from 
120° of west longitude. According to Morlet, the magnetic 
equator, after touching the terrestrial equator, inclines again to 
the south; hut llanstccn supposes that it crosses the terrestrial 
equator, and continues in the northern hemisphere during an 
extent of about 15° of longitude, and then , uls the equator 
again at. about 23° to the west of the continent of America. 
In Hanstccn’s chart, the magnetic equator in that part of its 
course does not deviate more than 11°, so that it nowlgjrc dh-’w vj 
more than 2° from the position laid down by Morlet.'* 

It is obvious from ^Morlet’s deductions, that the magnetic 
equator lias a movement of translation from east to west. The 
two nodes of Hanstecn and the tangent, of Morlet’ in the Pacific, 
are situated between west longitude 108° and 126° calculated 
for 1780 ; but M. Freycinet found that in 1819, it was in west 
longitude 132°. According to Captain Sabine, the pol it of 
intersection of the two equators, which in 1780 was in the in- 
terior of Africa, has now advanced from east to west into the 
Atlantic Occan.f 

Morlet stafed, it is probable that the position of the mag- 
netic equator regulates from one pole to the other the direction 
of the annual variations of the magnetic needle. If we <*all 
the distance of any point from the magnetic equator its 'o<j- 

* We have inserted here, to make the position of the magnetic meridian 
intelligible, Ilansteen’s chart both of the dip and declination of the needle. 
.7 f Morlet’s chfcrt will be found in the Mcmoircs des Savants Etrangers, 
t. iii. p. 182 $ Hanstccn’s and Dupcrrey’s in PoggendorfTs Annalcn, t. xxi. 
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netic latitude , , measured on the magnetic meridian, considered Ch. xvn, 
as a grand circle, he found that the inclination of the needle 
diminished with the diminution of that latitude, and increased 
with its augmentation. This has been confirmed by subse- 
quent observations. 

The dip of the needle, or the inclination , in the same place, 
undergoes a slow change as well as the declination, and doubt- 
less depending upon the same cause,, the gradual alteration in 
the position of the earth’s magnetic poles. The following 
tabic exhibits the amount of the dip in London, during an 
interval of 254 years, according to the best observations which 


have been made : — 

Years. 

Dip. 

Observers. 

1576 

71° 30' 

Norman* 

1600 

72 00 

Gilbert 

1676 

73 47* 

Bond* 

O 

r 

75 10 . ■ . 

Whiston* 

1723 

75 00 

Graham* 

1772 

72 19 

Nairne,f 

1776 

72 30 

Cavendishf 

1805 

70 21 

Gilpin§ 

1821 

70 3 

Sabine)| 

1830 

69 37-5 * 



From this table it appears, that the dip reached its maximum 
in London, about the year 1720, and that it has been diminish- 
ing ever since. But the difficulty of constructing an accurate 
dipping needle is so great, that all the observations hitherto 
made, can be considered only as approximations. 

The following table exhibits the amount of the dip at Paris, 
in N. latitude 48° 50' 14", and East longitude from Green- 
wich 9' 21"*6X during a series of 147 years : — 

Years. Dip. Observers, 

1071 . . 75 w O' . .. Picard 

1754 . . 72 15 . . La Caillo 

* As given by Cavendish, in his paper on the Meteorological Instruments 
of the Royal Society. Phil., Trans. 1776, p. 375; Some of Mr Graham’s 
observations only gave a dip of 73° 30'. 

t Phil. Trans. 1772, p. 476. J Ibid. 1776, p: 37 5. 

$ Ibid. 1806. Meteorological Table. || Ibid. 1822, p. 1. 

1 See Pbil. Trans. 1826, p. 77.. * 

2 k 



498 

Part II. 


Years. 

1776 


ELECTRICITY. 

Dip. 

72° 25' . 

Observers. 

Le Monnier 

1780 

. 

71 48 

Cassini 

1798 

• 

. . 69 51 

Humboldt 

1810 

' . 

68 50 

* 

1818 

• 

68 35 

* 


If we except the observations of Le Monnier, the dip has 
been constantly diminishing at Paris since the year 1671, 
when it probably exceeded the dip in London. 

Morlet has given us the variation of the dip in various 
places. It will be worth while to insert here a few of his 
tables.f 


COPENHAGEN. 


Years. 



Dip. 

Observers. 

1773 

• 

. 

71° 45' 

Lous 

1786 


. 

71 30 

Lowenorn 

1791 

• 

. 

71 20 

Bugge 

1813 

• 

• 

71 26 

Wieugel 




BERLIN. 


1805 


. 

69° 53' 

Humboldt 

1826 



68 40 . . 

do. 

1829 

s 

• 

68 30 

do. 




TENERIFFE. 


1792 

• 


62° 25' 

Rossel 

1799 



62 25 

Humboldt 

1801 



62 26 

Bernier 

1822 



59 50 

Sabine 

1822 

• 


57 6 

Dupcrrey 




ISLE OF ASCENSION. 


1752 

• 

• 

11° 10' 

La Caillc 

1774 

• 

. 

6 57 

Wales 

1822 

• 

• 

5 10 . 

Sabine 

1825 

. 

. 

1 58 

Duperrey 


* These two copied from Despretz Traite de Physique, p. 446. 
f Mem. des Savants Etrangers, dc Tlnstitut de France, iii. 176. 
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ST HELENA* . Ch. XVII 


Years. 

1775 



Dip. 

11° 25' 

„ Observers. 

Wales 

1825 

• 

* 

"15 3 

Duperrey 

1751 



CAPE OF GOOD HOPE. 

42° 58' 

La Caillo 

1774 

. 


45 37 

Bayley| 

1774 

. 


45 19 

Wales 

1776 

. 

• 

46 31 

Baylcy 

1776 

. 

• 

45 6 . 

Cook 

1780 

• 

• 

46 45 . ' . 

Bayley 

1780 

, 


45 27 

King 

1792 

• 


o 

rs 

00 

Vancouver 

1754 



ISL15 OF FRANCE. 

52° 17* 

La Caillo 

J '01 



54 29 

Bernier 

1824 

• 

• 

53 47 

Duperrey 

1773 



OTAHE1TE. 

29° 43 

Bayley 

1774 



29 47 

do. 

1777 



29 47 . * • 

do- 

1777 



29 12 

Cook 

1823 



29 35 

Duperrey 

1823 



30 31 . • ■ 

do. 

1802 



TORT JACKSON. 

62° 44' . 

Bernier 

1802 



62 52 

Flinders 

1821 

« 

. 

62 36 

Brisbane 

1824 

• 

• 

62 17 • • 

Duperrey 

1792 


• 

AMJJOINA. 

20° 37' • 

Rossel 

1824 

. 

• 

20 32 . . 

Duperrey 


It would appear from these tables, that the dip is diminish- 
ing in the northern hemisphere and augmenting in the south- 
ern. This indicates a movement of the magnetic equator from 
south to north. 
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Part II. 5* Lines indicating the declination of the needle in differ- 
ent parts of the earth’s surface were first published in 1683 
by Dr Halley, together with tables of the variation of the com- 
pass in various places where observations have been mlide.* 
Lines of Other charts exhibiting the lines of equal declination of the 
nation? 61,11 " needle were afterwards given to the public by Yates, Church- 
man, and especially by Hansteen in the atlas which accom- 
panies his Untersuchungen fiber der Magnetismus der Erde 9 
published in 1819. In 1833, a new declination chart was 
constructed by Mr Barlow.f It would be impossible to ren- 
der the position of these lines intelligible without Mr Barlow’s 
chart, to which therefore the reader is referred. On atten- 
tively considering these lines of declination on the map it will 
be acknowledged that notwithstanding their extraordinary 
curvatures, they exhibit a clwacter which indicates them be- 
ing dependent on some law, however intricate and mysterious. 
If they were greatly influenced by parts immediately in their 
vicinity, we could not find that regularity observable in nearly 
all of them. Throughout the Atlantic for example, there is 
a continuity and softness of curvature, and unity of disposi- 
tion inconsistent with such a supposition. 

In the Indian Ocean, we have a most extraordinary inflection 
of the curve of no variation, whereby we find in tracing the 
earth’s equator that two-thirds of it, or 240°, have easterly vari- 
ations, while only one-third, or 120° have westerly variations. 

Another marked peculiarity in this ocean is, that for 40° 
the line of no variation runs nearly parallel to the equator, 
'and then for other 40° down a meridian. It passes from 
Vansittard Bay, in the’’north-west part of New Holland, to 
Sandalwood Island in south latitude 10° and east longitude 
120°, passes nearly parallel to the equator to almost east 
longitude 90°, when it takes a north-west sweep, crosses the 
equator in east longitude 70°, takes a northerly direction and 
enters the peninsula of Hindostan about north latitude 20° 
and about east longitude 69°. It makes its appearance again 
in the east coast of China, in north latitude 25° and about 

* Phil. Trans, xiii. 208. + Ibid. 1833, p. 667. ' ; , 
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120° of east longitude. From this point it sweeps rapidly to CkXVii. 
the north and crosses north latitude 60° at east longitude ~ 

about 38°. * 

Tte western line of no variation crosses south latitude 60°, 
at about west longitude 20°, and proceeds northerly to Bahia 
in Brazil, in about 13° of south latitude. From this place, 
it proceeds nearly in a northern direction to Washington, in 
the United States, in west longitude about 76°, and north 
latitude about 38°. It afterwards passes through Hudson’s 
Bay, crossing north latitude 60°, in about west longitude 89°. 

The progressive change in the position of the curves of 
equal variation on the globe, is a most important feature in 
terrestrial magnetism. Mr Barlow informs us, that the vari- 
ation itself was first noticed by Petri Peregrini, in 1269, who 
mentions in a letter to a friend, that after several careful ob- 
servations, he had found it 5° east in Italy. Iti 1580, it was 
11°£ east in London; about 1658, it was zero. In 1700, it 
was about 8° west, at which time it was zero on the coast of 
America, in the vicinity of New York, and it has remained 
at the latter place nearly the same ever since. So that about 
the year 1660, the line of no variation must have crossed the 
Atlantic, nearly at right angles to tfte meridian, as it "does 
now the Pacific Ocean. 

Very little variation has been observed in Australia during 
the last fifty years : hence it is probably as fixed there as on 
the coast of America. In the West Indies, the Bermudas, and 
a few other places where the variation is small, the change has 
been inconsiderable. But we know of no place where the 
Variation is large and stationary. 

In all places in which sufficient registers of variation have 
been made, and where the motion or change has been consi- 
derable, we may always reduce that motion to a circular rota- 
tion of a certain assumed magnetic pole, about the pole of 
the earth. But if such moveable poles exist, (and the coinci- 
dence of calculation and observation leaves little doubt on the 
subject,) how can we account for those stationary, or nearly 
stationary points of no variation in different parts of the 
globe? 



, SLBCTBICITT 


Art II. 


Magnetic 

intensities. 


How mea- 
sured. 


Probably Mr Barlow’s answer to this question is as accurate 
as any that can be given in the present state of our knowledge. 
He bonceives that there is no determinate pole to which all 
needles point, but "that every place has its own peculia^ pole 
and polar revolution, governed probably by some one general, 
but at present, unknown cause. Should the magnetic pole of 
any place be nearly coincident with the terrestrial pole, the 
line of variation, notwithstanding the rotation, must remain 
nearly stationary. But such stationary position is impossible, 
where the variation is considerable, though the change ought 
to be very slow while it is passing through the maximum. 

6. It has been long known that the intensity of the mag- 
netic energy of the earth upon the magnetic needle varies in 
different parts of the earth. It was first discovered by Hum- 
boldt that this intensity is a minimum at the magnetic equa- 
tor, and that it increases as we advance towards the poles. 
The lines passing through places of equal intensity on the 
earth’s surface, are called isodynamic lines. Humboldt also 
first showed that these lines are neither parallel to each other, 
nor to the terrestrial or magnetic equator. 

The magnetic intensity is measured by causing a needle, 
nicely poised, to vibrate on its point of suspension, and count- 
ing the number of vibrations in a given time. The&uagnetic 
intensity is directly proportional to the square o£ thWe vibra- 
tions, just as the gravitation of the earth is measured by the 
square of the number at vibrations of a pendulum of a given 
length, in a given time. The first experiments on the subject, 
were made by Humboldt during his travels in America, about 
the beginning of the present century. Many observations on 
the magnetic intensity were made by M. Rossel, who accom- 
panied D’Entreofeteaux in his voyage round the world. A 
still greater number of observations were made by Captain 
Sabine, who accompanied Sir John Ross in his voyage to the 
Arctic regions, in 1818 ; and captain Parry in his subsequent 
expedition to the Bame regions, in 1819 and 1820. In 1822 
and 1823, he went in an expedition to determine the figure of 
ihe earth by means of' the vibrations of the pendulum, and 
made numerous obseriktions on the magnetic intensity on the 
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west coast of Africa, Brazil, West Indies, North America, Ch.XVil. 
Greenland, Spitzbcrgen, and Norway. Many other similar 
observations have since been made in various regions of the 
earth ; many of which have been consigned to the public in 
the different volumes of the Philosophical Transactions * 

In making these experiments, it is necessary that the needles 
employed should be magnetized to saturation, and the experi- 
menter should make himself sure that none of the intensity 
has been lost, by repeating the vibrations in the place where 
lie first began his experiments. If the needle made the same 
number of vibrations in a given time as it did at first, he may 
be sure that no magnetism has been lost during the course 
of the experiments, however long they may have been con- 
tinued. 

Instead of attempting an enumeration of all these numerous 
experiments, which would occupy too much room, it will be 
sufficient to give a table of the intensity in different places, as 
deduced from these observations by Hansteen, to whom this 
branch of science lies under so many obligations.]* 

Places. 

DE ROSSEL OBSERVER. 

1 ort du Nordj 1 tr ta* > t i 
P ort du Sud, } Van D,clncn 3 Land ’ 

Surrobaya, in Java, 

Amboina, 

HUMBOLDT OBSERVER. 

Lima, . .... . 

Magnetic equator in Peru, 

Tompcnda, . . . . 

Loxa, a a a • a * 

. * A very reduced copy of Sabine’s plate of the lines of equal intensity, 
is here inserted. 

t His first table may be seen in Poggmdorff's Annalen , iii. 422. He 
inserted a corrected table in the same book, tom. vi. p. 321 j and a table 
still further corrected, in tom. ix. p. 236. His chart of isodynamic lines 
will be found in Poggendorff's Annalen , xxviii. 473. 
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.41° 

44 


Places. 

Cuenca,. . 

Quito, 

St Antonio, 

St Carlos, 

Popayan, 

Santa Fc <le Bogota, 

Javita, 

Esmeralda, 

Corichana, 

St Thomas, 

Curthagcna, 

Curnana, 

. . . f N. lat. 20° 4G', W. long. 

Atlantic, 110 

Mexico, 

f N. lat. 12° 34', W. long. 33° 
14 20, 28 

Atlantic, « 20 8, * 8 

21 3G, 5 

25 15, 0 

Portiei, . 

Naples, . 

Home, 

Crater of Vesuvius, 

St Cruz, Tenc rifle, 

Valencia, 

Florence, 

Atlantic, Jut. 32° 1G', long. 2° 52',* 
Barcelona, 

Marseilles, 

Nimcs, 

Mail and, . 

Montpellier, 

Airolo, St Gothard, 

Turin, . . 

Medina del Campo, 

Lans lc bourg, on Mount Cenis, 

Como, 

St Michael, 

Lyons, 

Hospital of St Gothard, 

Hospital of Mount Cenis, 

Ursern, . 

Altorf, 


2G'*, . 
32, . 


14',* 
3, . 
34, 
39, 
3G, 


*>»*. { i * t - 3 3 r» ,io " e - 


3° 30' E * 
3 40, 

* From Ferro. 


' Dip. 
North. 


Intensity. 


8° 43' 

13 22 

14 25 
20 47 
20 53 
24 16 

24 19 

25 58 

30 24 
35 6 

35 15 
39 47 
41 46 

41 57 

42 10 

1 5- 8 
52 55 
56 42 
47 49 
60 18 
60 5 


1-0286 

1-0675 

1-0871 

1-0480 

1-1170 

1-1473 

1-0675 

1-0577 

1-1575 

1-1070 

1-2938 

1-1779 

1-1779 

1-1617 

1-3155 

1-2300 

1-2830 

1-2510 

1-2617 

1-2830 

1-2883 


61 35 

61 57 

62 0 

62 25 

63 38 


1-2745 

1-2642 

1-1933 

1-2723 

1-2405 


63 51 

64 21 

64 37 

65 10 
65 23 
65 40 
65 53 

65 55 

66 3 


1-2782 

1-2938 

1-3482 

1-2938 

1-2938 

1-3121 

1-3482 

1-3090 

1-3364 


66 9 
66 9 
66 12 
66 12 
66 14 
66 22 
66 42 

66 53 

67 30 
67 30 
(67 40 


1-2938 

1-3227 

1-3104 

1-3488 

1-3334 

1-3138 

1-3441 

1-3069 

1-3228 

1-3155 

1-3155 
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, Places. 

Madrid, 

Tubingen, ...... 

Atlantic, N. lat. 38° 52', E. long. 3° 40',* 
Ferrol, . . . 

Paris, ....... 

Gottingen, 

Berlin, ....... 

<ERSTE1>, ERICIISEN, HANSTEEN, OBSERVERS. 

Carolatli, ...... 

Berlin, ....... 

Dantzick, ...... 

Altona, ....... 

London, ....... 

Ploen, ....... 

Ystad, ....... 

Oxford, • . 

Schleswig. ...... 

Copenhagen, ...... 

Odense, ....... 

Holsenbiirg, 

KoMing, . . . . • 

Soroe, 

Fredericksburg, 

Aarthuus, ..... # . 

Liverpool, 

Aalborg, 

Odensala, ...... 

Frederiekshaven, ..... 

Gothenburg, ...... 

Altorp, . . . 

Korset, . . . 

Quistrum, ...... 

Skieberg, 

Edinburgh, . ' . 

Elloen, 

Helgeroa, ...... 

Soncr, 

Christiania, 

Rycnberg, 

Bogstad, ...... 

Bogstadberg, 

Nasodden, . . . . 

Barum, . • • * • . 

Bolkesjoe, 


| 

North. 

Intensity. Ch. XVII. 

67° 

41' 

1-2938- 

08 

4 

1-3569 

r>8 

11 

1-3155 

68 

32 

1*2617 

69 

12 

1-3482 

69 

20 

1-3485 

69 

53 

1-3703 

68 

21 

1-3509 

68 

50 

1-3533 

69 

44 

1-3737 

69 

1(5 

1*3594 

69 

57 

1-3607 

70 

2 

1-3575 

70 

13 

1-3747 

70 

12 

1-370(5 

70 

19 

1-3(528 • 

70 

3(5 

1-3672 

70 

50 

1-3782 

70 

52 

1-3782 

70 

53 

1-3846 

70 

57 

1-3842 

70 

59 

1-4028 

71 

13 

1-3838 

71 

14 

1-3657 

71 

37 

1-3780 

71 

39 1 

1-3(566 

71 

48 

1-3842 

71 

58 

1-382(5 

72 

14 

1-3891 

72 

24 

1-3735 

72 

27 

1-4047 

72 

29 

1-3725 

72 

34 

1-4005 

72 

38 

1-3840 

72 

39 

1-3980 

72 

41 

1-3835 

72 

36 

1-4195 

72 

45 

1-4208 

72 

34 

1-4378 

73 

13 

1-4195 

73 

2 

1-4517 

72 

44 

1-3902 

73 

15 

1-4058 


* From Ferro. 
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Places. 

Ingolfs] and, . 

Norsteboe, 

Drammen, . . 

Maursater, 

Ullensvang, . 

Gran, .... 
Kongsberg, . 

Tomlevold, 

Bekkervig, 

Vang, .... 
Bergen, 

Moe, .... 
Moristucn, 

Lcicrsdal, 

Slidre, .... 
Findaas, 


norm. 

73° 19' 
73 33 
73 37 
73 44 
73 44 
73 45 
73 47 
73 50 
73 58 

73 59 

74 3 

74 3 

74 4 

74 6 

74 34 
74 48 


Intensity. 

1-4159 

1-4136 

1-3771 

1-4656 

1-4260 

1-4221 

1-4144 

1-4246 

1-4114 

1-4308 

1-4220 

1-4234 

1-4058 

1-4190 

1-4543 

1-4503 


CAPTAIN SABINE OBSERVER. 


Brassa, Shetland, . . . • • 

Davis' Straits, N. lat. 68° 22', W. long. 36° 10, 
Ilosen Island, lat. 70° 26', W. long. 37° 1 2', . 

r lat. 75° 5', W. long. 42.° 43', . «. 
75 51, 45 26, . 

Baffin's Bay, 76 45, 58 20, . 

! 76 8, 60 41, . 

70 35, 49 15, . 


74 

83 
82 

84 
84 
86 
86 
84 


21 j 


49 

25 

441 


9 


0 

39 


1-4471 

1-6365 

1-6496 

1-6169 

1-6410 

1-7052 

1-6885 

1-6837 


The following table of magnetic intensity in different places 
has been calculated by Hanstecn, from Captain Sabine’s ob- 
servations : — 


Places. 

St Thomas, . 
Bahia, 

Ascension, . 
Maranham, . 
Sierra Leona, 
Trinidad, 

St Marys, ’ . 

PortPraya, . 

Jamaica, 

Cayman, 

Havannah, . 

Teneriffe, 

Madeira, 

New York, . 


Latitude 

Longitude | 
from Ferro, i 

Dip. 

0° 

25' 

N. 

24° 

25' 

E. 

0° 

6'-l 

12 

59 

S. 

20 

53 

W. 

4 

12 

7 

56 

S. 

3 

16 

E. 

5 

10 

2 

32 

s. 

26 

41 

W. 

23 

6-2 

8 

29 

N. 

4 

25 

E. 

31 

2-5 

10 

39 

N. 

43 

55 

W. 

39 

2-5 

13 

8 

N. 

1 

7 

E. 

40 

23-1 

14 

54 


7 

50 

W. 

45 

26-3 

17 

56 


59 

14 


46 

55-3 

19 

14 


63 

25 


48 

48-3 

23 

9 


64 

43 


51 

55-2 

28 

27 


1 

25 

E. 

59 

46-8 

32 

38 


0 

44 


62 

12-3 

40 

43 


56 

23 

W. 

73 

70-0 


Intensity. 

0-9137 

0- 8831 
0-8922 
0*9980 

1- 0360 
1-1730 
1-1199 
1-1740 
1-4027 
1-4178 
1-4756 
1-2888 
1-3665 
1-7862 
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Places. 

Hammerfest, 
Greenland, . 
Spitzbergen, 

Davis* Straits, 
Possession Bay, . 
B. Martin’s Island, 
Regent’s Island, . 
Melville Island, 
Winter Harbour, 


Latitude. 

Longitude 
from Ferro. 

. Sip, 

Intensity. Ch. XVII. 

70° 40' N. 

41° 26' E. 

77 ° 15-9 

1-4802 

74 32 

36 30 

80 9 

1-4990 

79 50 

29 20 

81 10-5 

1-5373 

64 0 

44 10 W. 

83 4 

1-6633 

73 31 

59 42 

86 4 

1-6474 

75 10 

86 4 

88 26 

1-6251 

72 45 

72 1 

88 27 

1-6512 

74 27 

94 2 

88 37 

1-6120 

74 47 

93 8 

88 43 

1-5979 


This table shows very clearly the want of parallelism in the 
isodynamic lines. 

The following table of intensities has been calculated by 
Hansteen froin his own observations : — 


Places. 

Grundsat, 

Bjornestad, . 

Nebye, 

Heinous, 

Ydsiit, 

Stdrei is Pfarrliof, 
Drontheini, . 

Garneset, 

Snul, .... 
Oestersand, 

Grininas, 

Olgta, . 

Bunds wall, . 

Hcrndsand, . 

Docksta, 

Umeo, 

Potei, 

Gretna s, 

Haparandu, near Torneo, 
Alkula, above Torneo, . 
Uleaborg, 

Brahcstad, . 

Ny Carleby, 

Wasa, 

Tjock, . . . 

Bjorneborg, 

Obo, .... 
Stockholm, • 

Carl st ad, 

Kongsvinger, 


Latitude. Longitude. 

North. East. 


60° 

56' 

29° 

15' 

61 

3 

29 

8 

62 

18 

28 

38 

62 

34 

29 

15 

62 

57 

28 

58 

63 

26 

28 

5 

63 

42 

29 

<52 

63 

10 

32 

12 

62 

50 

32 

50 

62 

29 

33 

40 

62 

22 

34 

56 

62 

38 

35 

33 

63 

49 

37 

52 

65 

19 

39 

9 

65 

50 

41 

55 

66 

16 

41 

27 

65 

0 





64 

41 

42* 

20 

63 

38 

40 

31 

63 

4 

39 

22 

62 

17 

39 

2 

61 

29 

39 

26 

60 

27 

39 

58 

59 

20 

35 

44 

59 

23 

31 

16 

60 

12 

29 

38 


Dip. 


Intensity. 


73° 

59'*8 

73 

50-1 

74 

33*7 

74 

41 

74 

49-1 

74 

27-6 

74 

40-7 

74 

40-4 

74 

38-9 

73 

55-9 

74 

6-8 

73 

42-6 

73 

37-9 

73 

55-7 

74 

4-2 

74 

4-2 

74 

9 

74 

58-3 

75 

12-7 

75 

4-5 

74 

44-1 

74 

10-4 

73 

48*2 

73 

49-1 

73 

20-9 

72 

55-4 

72 

9*9 

72 

8-3 

72 

33-4 

73 

58-1 


1-4330 

1-415!) 

1-4172 

1-433!) 

1-4457 

1-4142 

1-423!) 

1-4270 

1-1108 

1-4275 

1-4207 

1-4150 

1-4091 

1-4146 

1-4054 

1-4075 

1-4417 

1-4404 

1-4384 

1-4580 

1-4333 

1-4480 

1-4081 

1-4100 

1-4000 

1-3935 

1-3826 

1-3861 

1-3717 

1-4136 
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P» rt * 1. * From Hansteen’s chart of isodynamic lines it appears, that 
the line indicating a magnetic intensity of 0*9 is very irre- 
gular, but returns upon itself, and encloses a space at about 
50° east longitude from Ferro. It is about 2° north of the 
equator, in the interior of Africa ; and its point of greatest 
southing, is about 48° south latitude, and 35° east longitude 
from Ferro. It passes as far west as west longitude 39°, in 
north latitude 10° in Brazil, and goes as far cast as the 
island of Amboyna, in east longitude 142°, and north latitude 
about 2°. The line marking an intensity of 1-5, goes as far 
north as latitude 72° beyond the North Cape, but nearly in 
the same meridian ; and it goes as far south as the island of 
Cuba, passing through the Havannah, in north latitude 23° 
9’. The line of intensity 1*8 passes through New York, and 
has been traced as far north as the bottom of Hudson’s Bay, 
about west longitude 55° from Ferro. But to form a right 
idea of the position of these isodynamic lines, it* would be 
necessary to inspect the chart of Ilansteen, or that of Sabine, 
given at page 503. 

7. Mr Barlow of Woolwich, in his experimental investiga- 
tions, in order to discover a method of correcting the devia- 
tion of the needle on shipboard occasioned by the iron on board 
Equator of the vessel, discovered that there is a plane passing through 
a sphere. evcr y j ron sphere, in which, if the centre of a needle be situat- 
ed, the iron sphere has no effect in altering the declination of 
the needle. This plane at Woolwich was inclined about 20° 
to the horizon ; it was therefore perpendicular to the dip of 
the needle.* The reason of the non effect of iron upon a 
needle whose centre is in this plane is sufficiently obvious. 
The iron must act equally upon both poles of the needle ; it 
cannot therefore have any tendency to alter its declination. 
When the needle is any where out of that plane, one of its 
poles being more attracted than the other, it deviates from its 
true position, and Mr Barlow succeeded in determining the 
law of this deviation. f 

Magnetism 8. Another very important general fact, for which we are 

propor- 

suri£ l the * Essay on Magnetic Attractions, p. 6. 

bur-ace. | gee his Essay on Magnetic Attractions. 
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indebted to Mr Barlow, is, that the intensity of the action of Ch. xvii. 
iron on a magnetic needle, is proportional to its surface, not 
to its solid contents ; so that a hollow sphere of iron, how- 
ever thin, has as great an effect upon a needle, as a solid iron 
sphere of the same size. 

9. It was supposed at first that iron, or substances contain- Other 
ing iron, were alone susceptible of the magnetic influence ; bodies? 10 
but it was afterwards observed, that cobalt and nickel are also 
magnetic metals, and that, like steel, they may be converted 

into permanent magnets. Coulomb showed, that all bodies 
were to a certain extent susceptible of magnetic influence. 

10. White hot iron has no effect upon the magnetic needle; white hot 
but as the iron cools it begins to act, and it acts most power- 

fully at what is called a blood red heat. Mr Barlow and Mr 
Charles Bonnycastlc observed, Jbat between a bright red and 
a blood red beat, it acts in the opposite way from wliat it does 
when cold . that is to say, if it attracts the north pole of the 
needle when cold, it will attract the south pole at the tempera- 
ture above specified.* 

11. Mr Barlow ascertained, that when a magnetic needle Needle de- 
is placed at a certain distance from a mass of iron, the needle 

is deflected when the iron is put into nipid motion. To ob- 
serve the effects properly, the needle should be neutralized 
from the action of terrestrial magnetism, by magnets properly 
placed. When this is attended to, and the iron put in motion, 
if the direction of the motion be towards the needle, the north 
pole is deflected about 30° towards the iron ; when the motion 
is from the needle, the north pole is deflected about 30° from 
the mass of iron. When the needle is in the line of the axis 
of motion, it suffers no deflection whatever.! 

SECTION II. OF THE ELECTRIC PROPERTIES OF MAGNETS. 

It lias been already stated that the only metals capable of 
being converted into permanent magnets, are iron, nickel, and 
cobalt; but that CErsted discovered, in the year 1819, that 
every metal became a magnet during the time that an electric 
current was passing through it. 

* Phil. Trans. 1822, p. 11 7. 


f Ibid. 1825, p. 117. 
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ELECTRICITY. 


Part 1 1. 


Action of 
the wire oi 
a galvanic 
pile on the 
needle. 


Action on 
the needle 
explained. 


He ascertained that if a magnetic needle be presented 
to the wire which unites the two poles of a galvanic pile in full 
r action, it is attracted by it, and the needle has a tendency to 
arrange itself at right angles to the conducting wire. If the 
needle be above the conducting wire, (suppose in the magnetic 
meridian,) the north pole turns to the left of the current of posi- 
tive electricity ; if it be below the conducting wire, the same 
pole turns to the right When the needle is placed on the 
west side of the conducting wire, (supposed to be nearly in the 
magnetic meridian,) and parallel to it, the north pole will be 
elevated ; but when placed on the east side of the conducting 
wire, the north pole is depressed. 

1. The phenomena of electro-magnetism are best observed 
when only a single pair of plates is used, and the larger the 
size of the plates, the better qan the phenomena be observed. 
A good apparatus for the purpose, consists of a box of copper, 
composed of two copper plates, each about a foot square, and 
about fths of an inch distant. A bottom and ends of copper 
are soldered to their sides, so as to complete the box. In the 
centre, between the two sides, and not touching the copper 
anywhere, a zinc plate of nearly the same* size, as the copper, 
is fixed either by baked wood or sealing-wax. When this 
vessel is filled with dilute nitric acid, and the copper and zinc 
plates arc connected by a wire, most of the phenomena of 
electro-magnetism may be exhibited by means of this wire. 

2. To form a 4 conception of the cause of this difference in 
the declination and inclination of the needle according to its 
position, we may suppose that the current of electricity moves 
in a spiral direction round the conducting wire, moving from 
left to right. This will be understood by inspecting the figure 
in the margin, in which A represents 
a section of the conducting wire, and 
the arrows B, B, B, B represent the 
direction in which the current of elec- 
tricity moves round A. It is obvious 
from the position of these arrows, that jk 
the action on the magnetic needle If 
ought to be opposite above and below, 
and likewise upon the left and right of the conducting wire. 
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3* M. Ampere, to whom we are indebted for an inve3tiga- Ch. xvii. 
tion of the phenomena of electro-magnetism conducted with ~~~ 
much sagacity, discovered that when two electric currents are Electric 
moving in the same direction in conducting wires parallel to moving the 
each other they attract , but when moving in opposite directions ^[?acu ay 
they repel. He contrived to place, parallel to each other, two 
conducting wires, uniting the negative and positive poles of a 
galvanic battery. One of these conducting wires was move- 
able, and the consequence was, that it was attracted by, and 
made to approach th"e immovable conducting wire. When 
the currents of electricity were moving contrary ways, the 
moveable conducting wire was repelled, and receded from the 
immovable. As similar electricities repel and dissimilar 
attract, this phenomenon may appear, at first sight, inconsis- 


tent with the laws of electricity. 
But the simple inspection of the T 
figure in the margin will serve | 
to render it intelligible. A and "1 
B are sections of the two con- 




ducting wires ; and the arrows indicate the way in which the 
electric currents move along them in a spiral direction. It is 
obvious from the directions of the arrows c and d 9 that nega- 
tive and positive electricity are directly opposite to each other, 
and that, of course, the wires ought to attract each other as 
they are found to do. This way of accounting for the pheno- 
mena of electro-magnetism was first employed by CErsted. It 
was afterwards used by others ; particularly by Dr Wollaston 
and M. Ampere, with much felicity. 

M. Arago and Sir Humphrey Davy observed about the same 
time that the conducting wire, while the pile is in activity, 
attracts iron filings ; but the moment the contact is interrupted,' 
the filings drop off. But bodies not magnetic are not attracted 
by it ; showing that the phenomenon cannot be explained upon 
the common principles of electrical attraction. 

4. Since iron, nickel, and cobalt, alone are capable of con- Electricity 
stituting permanent magnets, though every other metal is a metals 
magnet as long as a current of electricity is passing through it, ma s netlc * 
we cannot doubt, that in every permanent magnet, a current 
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Part i I. of electricity is passing, as long as it retains its magnetic 
virtue. There must be something, therefore, in the constitu- 
tion of iron, nickel, and cobalt, different from that of other 
metals. Their elements must be capable of such an arrange- 
ment, as to resemble that of a Voltaic pile. It is well known 
that soft iron cannot be converted into a permanent magnet ; 
it must be combined with a certain quantity. of carbon, sulphur, 
or phosphorus. Is it not probable that the iron and carbon, 
sulphur, or phosphorus correspond with the copper and zinc 
plates in the Voltaic battery ? As no chemical decomposition 
takes places, we cannot explain how the electricity is evolved ; 
but that it is evolved, and that a constant current of electricity 
is passing through every permanent magnet, has been demon- 
strated by satisfactory experiments. A good many years ago 
sparks were obtained from the magnet, I believe first by Mr 
Faraday, in the year 1831. They were afterwards obtained 
by Messrs. Nobili and Antinori,* who were induced to experi- 
ment on the subject, from hearing of the success of Faraday. 
They contrived an apparatus, by means of which sparks might 
be obtained from the magnet at pleasure. In the year 183% 
sparks were obtained by Professor Forbes of Edinburgh, before 
he was aware of the iraethod practised by Nobili and Antinori.f 
In 1832, the apparatus was still farther improved by the sons 
of M. Pixii, philosophical instrument-maker, in Paris.J 
It consists of a large horse-shoe magnet. At the extremity 
of each pole, not absolutely in contact but as near as possi- 
ble, is placed a piece of soft iron, nearly of the size of the pole 
of the magnet, but its section is circular, instead of being a 
rectangle, like the extremities of the magnet. A copper wire, 
covered with silk thread, is wrapt, in the form of a helix, 
round each piece of soft iron, so as to make a great many re- 
volutions round each. The extremities of these wires dip into 
a little cavity placed before the apparatus, and attached to it, 
containing mercury ; or rather one dips into the mercury, 
while the other is attached to a small wheel, composed of two 

* Ann. de Chim. et de Phys. xlviii. 417. 
f Phil. Mag. (third series,) i. 49. 

J Ann. de Chim. et de Phys. 1. 322. . 
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pieces of iron wire crossing at right angles, and attached to Cii . xvti . 
the axis of the horse-shoe magnet, and moving round when 
that axis is set in motion. At every revolution of the axis, 
the extremities of the iron wires dip four times into the mercury, 
so that the contact is renewed and broken four times succes* 
sively at each revolution. The axis of the horse-shoe magnet 
is fixed horizontally, and connected by* a strap to a wheel 
which can be turned rapidly by a handle, causing the horse- 
shoe magnet to revolve rapidly about its axis. 

The pieces of soft iron surrounded by the helices of copper 
wire being fixed, when the magnet revolves, its two poles come 
alternately in contact with each piece during each revolution. 

It is well known that a piece of soft iron, when in the neigh- 
bourhood of a magnetic pole, acquires the same magnetic pro- 
perties as that pole. But as sopn as it leaves the proximity 
of that pole it loses its magnetism, and acquires the opposite 
state when it gets into tbe neighbourhood of the other pole. 

Thus the magnetic state of each piece of soft iron, and conse^ 
quently of the surrounding helices, changes with each revolu- 
tion. This causes a perpetual interruption and renovation of 
the circuit : hence the sparks, which appear only when a 
current is interrupted or renewed. 

By this apparatus constant sparks may be obtained, fine 
platinum wire may be ignited, and various chemical pheno- 
mena may be produced. 

5. When an electric current passes through a wire covered 
with silk thread, the wire becomes a magnet. If this wire is 
twisted round, in the form of a helix, every revolution consti- 
tutes a distinct magnet having two poles. As these poles dre 
always at the same extremities of the portion of the wire, it is 
obvious that the force exerted by this helix must increase in 
proportion to the number of turns which it makes : hence the 
theory of the Galvan o-multiplier of Schweigger, with all its 
subsequent improvements. 

6. It has been shown by the experiments of Biot and Savart, 
that when an electric current passes near a magnetic needle, 
the action of the current on the needle is inversely as the dis- 
tance. They have shown also, that if the elementary force be 

2 L 
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inversely as the square of the distance, then the action of a 
long wire will be inversely as the distance.* 


GHAPTER XVIII. 

OF DECOMPOSITIONS BY WEAK ELECTRIC CURRENTS. 


It has been long known that certain metals have the property 
of precipitating other metals from their solutions in the metallic 
state. Thus, if a plate of copper be put into a solution of 
nitrate of silver, the copper dissolves while the silver is pre- 
cipitated in the metallic state. Mercury equally throws down 
silver from the nitrate. Lead or tin throws down copper ; .ancjl 
zinc or iron is capable of throwing down lead and tin. Mr 
Sylvester first showed, by some ingenious experiments in 
I806,f that these precipitations were produced by, electric 
currents ; that water was decomposed by these currents ; and 
that the hydrogen evolved united with the oxygen of the 
metallic oxide, and thus caused the metal to separate in the 
metallic state. 

Ritter had already observed, in 1800, that these electrical 
effects are still more? sensible when the circuit is made by 
means of two liquids and a metal.J In 1807, Bucholz§ made 
some experiments on these feeble circuits, which deserve to 
be noticed. He put into a cylindrical glass vessel, a solution 
of 1 part of green chloride of copper in 4 parts of water ; over 
this he poured, cautiously, 6 parts of water, so that the water 
floated on the surface of the chloride. A polished plate of 
copper, half an inch broad and six inches in length, was made 
to pass through the two liquids. In two hours the copper 
plate was covered with a white matter, which was dichloride 
of copper. He repeated his experiments, substituting a con- 

* Becquerel, ii. 432. ' f Nicholson’s Jour. iiv. 95. 

t Histoire.de Galvanism par Sue ain6, ii. 116. 

§ Gehlen’s Journal, (second series,) v. 127. 
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centrated solution of nitrate of copper, for the chloride. A ci^xviii 
portion of the copper plate at the line of separation of the two 
liquids remained brilliant and untarnished. The portion of 
copper above this line was covered with black oxide; the 
under portion of the plate was covered with small grains of 
metallic copper. The result was the •same when the water 
was acidulated with nitric acid. 

When nitrate of silver was substituted for nitrate of copper, 
and a plate of silver for that of copper, the result was the same. 

Metallic silver in minute cubes was deposited upon the under 
portion of the silver plate, and oxide of silver upon the upper 
portion. Similar experiments were made with nitrate of lead 
and a plate of lead, chloride of zinc and a plate of zinc, sul- 
phate of iron and a plate of iron, with similar results. 

In 1826 the subject was taken up by M. Becquerel,* to Precipita- 
whom we are indebted for a very complete investigation of this metals on 
interesting subject, and for applying it to explain the numerous pja^! lc 
changes which are continually occurring in the metallic veins^ 
and even the rocks constituting the surface of the earth. Into 
a glass tube, bent in the form of a U, he poured a solution of 
sulphate or nitrate of copper ; a copper wire was plunged into 
each leg of the tube, and these wires were brought into con- 
nexion with a small thermo-electric apparatus. The copper 
wire connected with the negative pole became covered with 
metallic copper, while the other extremity was oxydized. 

Solutions of tin, zinc, silver, and lead, with wires of the same 
metals gave similar results. Wires of platinum and gold in 
the same solutions produced no effect ; the case was differ- 
ent when platinum or gold wire was made to act on nitrate 
of silver. 

From these facts he concluded, that by very feeble electric 
forces, metals easily reducible are precipitated from their solu- 
tions, by plates of the same metal as that held in solution. 
Becquerel, in these first experiments, showed .that decomposi- 
tions of metallic solutions are produced most easily by the 
action of metals the sam^ with those held in solution. He 


* Ann. de Chim. et de Phys. xxiiv. 152. 
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Part If; gave a description of a Bmall apparatus, capable of continuing 
active for months, by means of which these decompositions 
may be easily induced* 

It consists of two glasses, the one containing nitric acid and 
the other a solution of potash. Into each of them is plunged 
a plate of platinum, to which a wire is united ; and the com-* 
munication between the two liquids is established by means of 
a bent glass tube filled with clay, moistened with an aqueous 
solution of common salt. The reaction of the acid and alkaline 
solutions on that of the common salt, evolves enough of elec., 
tricity to produce decompositions. M. Becquerel, in analys- 
ing these phenomena, discovered that oxygen is much more 
easily transferable by electric currents than sulphuric acid, 
^chlorides ^ Becquerel prosecuted these interesting investigations 
and iodides, with assiduity, and in 1827, has experiments on the formation 
of chlorides and iodides by weak electric currents, were read 
to the Academy of Sciences of Paris, and published duriigv 
the same year.* He found that when a neutral salt is strtK 
stituted for a metallic salt, these feeble electric currents cannot 
traverse the liquid when we employ wires of gold or platinum 
to complete the current. With a wire of silver the current is 
very feeble ; but with “wires of zinc, lead, iron, and tin, the 
effects are well marked. This difference depends upon the 
easy alteration of the oxidable metals, an alteration which 
facilitates the passage of the electricity of a wire into a solu- 
tion. 

Of double It had been previously ascertained that chlorides have a 
tendency to combine with each other so as to constitute double 
chlorides*! Becquerel attempted to form these double chlo- 
rides by means of a weak electrical current. The difficulty 
consists in employing the requisite electrical force. If the 
intensity is too great, we isolate all the elements; if it is too 
feeble we remove only one, two, or three of these elements. 

* Ann. de Chim. et de Phys. xxxv. 126 . 

t Some cnlorides, as has beej^shown by Mr Bonsdorfi have the charac- 
ters of an acid, and others those of a base%hence they combine and form 
compounds analogous to-the salts formed by the union of oxygen acids with 
oxygen bases. ■ .»** 
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He put a plug of. amianthus into the bottom of a glass tube Ch.xvni 
beijt into the shape of a U. Into one of the branches he put a 
solution of sulphate of copper, and into the other a solution 
of common salt ; then the communication between the two 
liquids was completed by a plate of copper. In a short time 
that end of the plate which was plunged into the sulphate of 
copper* became covered with metallic copper ; on the other 
extremity of the plate were deposited octahedral crystals of 
the double chloride of sodium and copper, which are decom- ' 
posed by the contact of water. Similar double chlorides were 
obtained when solutions of silver and of other metals were 
substituted for the sulphate of copper. When sal ammoniac 
was employed instead of common salt, there were obtained the 
double chlorides of ammonium and silver, ammonium and lead, 

&c. 

The double iodides were formed in the same way. M. 
Becquerel put into one branch of the tube a solution of sul- 
phate of copper, into the other, of hydriodate of potash. 

Copper in the metallic state was precipitated, as before, on 
the end of the lead plate plunged into the copper solution ; 
while, upon the other extremity of the lead plate, long silky 
filaments appeared, consisting of the double iodide of potassium 
and lead. * 

He took a tube shut at one of its extremities, put into the 
bottom of it . any oxide — the black oxide of copper, for example 
— then he poured over it a solution of nitrate of copper, and 
plunged into it a plate of copper, descending to the very 
bottom of the tube. In a fortnight there were deposited upon 
the plate of copper, above the oxide, red octahedral crystals 
of suboxide of copper. With the subacetate of lead, a plate 
of lead and litharge, we obtain the protoxide of lead in penta- 
gonal dodecahedrons, or in silky filaments. 

In 1829, M. Becquerel prosecuted these experimental in- Sulphured 
vestigations, and succeeded in forming sulphurets, iodides, and 
bromides, by similar processes.* He had conceive<Lthe idea, 
that certain compounds had been formed by means of succes- 


* Ann. tie Chim. ct dc Phys. xlii.. 225. 
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sive decompositions ; and this idea was verified during these 
investigations. To obtain sulphuret of silver, such as it occurs 
in nature, he employed a glass tube, curved in the form of a 
U, having a quantity of moist clay at the curvation, in order 
to keep the two liquids employed distinct. Into one of the legs 
of the tube he poured a solution of hyposulphite of potash, and 
into the other a solution of nitrate of silver; and then esta- 
blished a communication between the upper portion of the two 
liquids, by means of a silver wire. A very weak electric 
circuit was formed; the extremity Of the silver wire, plunged 
into the nitrate, became the negative pole, and the other ex- 
tremity the positive pole. The nitrate of silver was decom- 
posed, and the silver was precipitated in the metallic state. 
The oxygen and nitric acid being transferred to the other pole, 
determined the formation of „a double hyposulphite, the first 
by oxydizing the silver, and the second by decomposing the 
hyposulphite ; the consequence was the formation of a double 
hyposulphite in fine crystals. The nitric acid still continuing 
to come to that pole, acted upon the double hyposulphite, de- 
composed it, and occasioned the formation of very regular 
crystals of sulphuret of silver 2 hence the crystallization pftbe 
sulphuret is owing todhe slow decomposition of the double . 
hyposulphite. ^ 

The energy of this apparatus being very feeble, tjjre silver 
deposited at the negative pole has time to assume a “regular 
crystalline form. By proceeding in the same manner, crystals 
of all the other metals may be obtained. , 

If for silver and its nitrate, we substitute copper and its 
nitrate, we form a double hyposulphite of copper and-potash, 
which crystallizes in very fine silky needles. By v $pntinuing 
the action, this double salt is decomposed, and oryetals of sul- 
r phuret of copper with triangular faces are obtained* By a 
similar process the Oxy sulphuret of antimony may be formed. 
He obtained, likewise, sulphurets of tin* lead, mercury, iron, 
and zinc^g , > 

M. Becquerel followed the sam^frocess in order to, obtain 
the 'metallic iodides, the crystals were very distinct. He sub- 
stituted hydriodate of potash or soda for the alkaline hyposul- 
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phite. With lead he obtained first a double iodide of lead and Ch.xvm 
potassium, which crystallized in very fine white silky needles. 

By little and little that compound was decomposed, beginning 
at the under part contiguous to the clay* A great number of 
octahedral crystals were observed, of a golden yellow colour 
and a brilliant appearance. These crystals constituted iodide 
of lead. Copper subjected to the same treatment gave, at first, 
a double iodide in white needles ; this being decomposed in 
its turn, beautiful crystals of iodide of copper were formed. 

M. Becquerel carried these successive decompositions and 
crystallizations much farther, in a paper read to the JFrench 
Academy, in January, 1830.* It had been shown by Davy, 
that when various solutions are mixed together and exposed 
to electric currents, the acids and oxygen pass to the positive 
pole, while the bases and hydrogen make their way to the 
negative pole. The same thing happens when the solutions 
are put into two capsules, communicating with each other by 
moistened amianthus. This always takes place when the 
electrical force is great enough to produce decomposition in 
the solutions ; but if it be strong enough to decompose one 
only, then the elements of this one are transported into the 
other capsule, where they generally* produce modifications 
which lead to the formation of new compounds. 

M. Becquerel in this paper examines, in the first place, the double 
case when the metal found at the positive pole of a solution, 
concurs by the reaction 6f its oxide to the formation of com- 
pounds. He took two glass vessels ; into the one he poured 
a solution of sulphate of copper, and into the other an alcoholic 
solution of sulpho-carbonate of potash. The communication 
was established between these glasses by means of an inverted 
glass syphon, filled with clay moistened with a solution of 
nitrate of potash, and by means of an arc composed of two 
plates of copper and lead — the copper dipping into the sul- 
phate, and the lead into the sulpho-carbonate. An electrical 
current is produced by this arrangement, which |pts in the 
following manner : — Copper is precipitated in the glass con- 

* Ann. de Chun, et de Phys. xliu. 131. 
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Part 1 1 . Wming the sulphate. Bicarbonate of potash is deposited in 
crystals on the sides of the vessel containing the sulpho-car- 
bonate. A double sulpho-carbonate of lead and potash is 
deposited in the same vessel, in acicular crystals, together 
with carbonate of lead, and probably sulphate of potash, and 
sulphate of lead. Finally, octahedral crystals of sulphur 
with rhomboidal bases, were also deposited. In this experi- 
ment, the property which sulphuric acid possesses of separat- 
ing the weaker acids from the bases with which they were 
united, exerts its force only in consequence of the feebleness 
of the electric current. Were its energy greater, all 'he 
acids, without distinction, would be transferred to the positive 
pole. 

M. Becquerel gives a description of an apparatus which 
allows the experimenter to avoid or employ at pleasure the 
reaction of metallic oxides. It may be worth while to give the 
reader an idea of this apparatus : — It consists of three glass 


f 



cylindrical Vessels, A A A", placed near each other upon the 
same horizontal plane. . The first is filled with a solution of 
sulphate or nitrate of copper; the second, with a solution of 
the substance on the constituents of which we wish to operate; 
and the fbitd, with water rendered slightly conducting by the 
addition of an acid, or of common salt*. A communicates 
with A' by meanrofa bent tube, a G c, filled with clay mois- 
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tened with a saline solution, the nature of which, depends Ch.xviii 
upon the effect which we wish to produce in A'. A' and 
A." communicate by means of a plate of platinum or gold, 
d G' c\ And finally, A and A* are united by two metals 
composed of two plates, Me and Mz, of copper and zinc. 

Finally, a tube of safety, t is placed in the glass vessel A', 
to indicate the pressure produced by tlie evolution of gas* 

From this disposition, the extremity d of the plate of plati- 
num is the positive pole of a small electric pile, the action of 
which is slow, but constant. When the liquid contained in 
A' is a good conductor, the intensity of the current is suffi- 
cient to decompose *the sulphate of copper in A. When the 
oxygen passes to a ', as well as the sulphuric acid, which in 
passing- into the tube a G c, disengages sometime? the acids 
which have less affinity than it has for the bases with which 
they are combined, all the elements pass into the liquid A', 
where ’heir slow action on each other occasion different 
charges. 

Sometimes it is necessary to place a fourth glass cylinder 
between A and A'. Into it a sufficient quantity of the saline 
solution to be decomposed by the sulphuric acid is put, so 
that the effects produced in the liquid A' may not be inter- 
rupted when all the salt in the moist clay is decomposed. In 
this case, when we wish to transfer an electro-negative gas, 
or a nascent acid, into the liquid in A', it will be sufficient to 
place in the clay a solution, which by its reaction on the sul- 
phuric acid coming from the decomposition of the sulphate of 
copper, allows that gas, or that acid, to be disengaged. But 
if the object be to transport hydrogen, or an electro-positive 
gas, we must reverse the means of communication, and put 
d G' c in place, of the tube «Gc. Finally, if we replace the 
platinum plate by a plate of an oxydisable metal, we introduce 
into the solution the reaction of an oxide, which being in a 
nascent state, concurs in the formation of the products. . . 

An example or two will serve to render the use of this 
apparatus familiar. Into the glass cylinder A' was put an 
alcoholic solution of sulpho-carbonate of potash, into the glass 
A, a solution of sulphate of copper, and into the clay of the 
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tained. 


tube flG c, a solution of nitrate of potash. In twenty-four 
hours the reaction of the oxygen, and of the nitric acid, on 
the solution of the sulpho-carbonate of potash was sensible ; 
for upon the platinum plate were observed crystals of. sulphur 
and of bicarbonate of potash. 46 r .m 

When we substitute for the alcoholic solution* 0$. sulpha- 
carbonate of potash, an aqueous solution of sulpho-carbonate 
of barytes, analogous reactions become sensible ; sulphur is 
precipitated in small crystals, and sulphate of barytes crystal- 
lizes in prismatic needles. 

In 1831, M. Becquerel discovered a method of obtaining 
artificial crystals of carbonate of lime.* Cruikshanks and 
Daniell had observed that when we expose to the air a solu- 
tion of sugar and lime, in a large open vessel, the surface 
becomes covered with small crystals, which fall to the bottom 
of the vessel, and are speedily replaced by others. These 
were crystals of carbonate of lime; but the mode of their 
formation was disputed. M. Becquerel took a glass tube 
bent into the form of a U, at the curvature of which a plug 
of cotton was placed to separate the two liquids, from each 
other. Into the legs of this syphon, he poured* a solution of 
1 part of lime, and 16 parts of sugar, in 100 parts of water. 
Into each leg of the syphon was plunged a plate of platinum, 
communicating with the poles of a Voltaic battery, charged 
with a weak solution of common salt, containing one per cent, 
of sulphuric acid. Finally, all the openings of the tubes were 
carefully shut in order to exclude the common air. The 
reactions were such that carbonate of lime; partly in crystals, 
was precipitated upon the positive plate: hence it is clear, 
that the formation of the carbonate must have been owing to 
the decomposition of the sugar; but the subject was after- 
wards examined by M. Pelouze, who showed that the only 
use of the sugar, in the experiments of Cruikshanks and 
Daniell, was to increase the solubility of the lime, and that 
the carbonic acid of 'the carbonate came from the atmosphere. 

M. Becquerel was induced by these experiments to investi- 


* Ann. de Chim, et dc Phys.‘xlvii. 5. 
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gate the action of sugar and mucilage on metallic oxides, by Ch.xvm 
the intervention of alkalies and earths;* and we may notice Action of 
his results though the subject is not connected with electric 
currents. If we mix oxide of copper, newly precipitated, copper, 
with lime and water, and apply heat, the oxide becomes black, 
being rendered anhydrous. If we add a. little common sugar, 
a portion of the oxide dissolves, and the liquid assumes a blue 
colour, similar to that of a solution of oxide of copper in 
ammonia. Honey and sugar of milk have the same property. 

Potash and soda behave precisely as lime does, excepting 
only that their dissolving power is greater. Barytes and 
strontian possess that property only feebly. Thus, potash, 
soda, and lime,, have the property of dissolving oxide of cop- 
per, even without heat, when any sugar exists in the solution ; 
a character which may enable us to recognise the presence of 
sugar in solutions of organized substances. Gum possesses 
no such property. Gum has the power of precipitating gum 
when added to a solution of gum containing an alkali or an 
earth. 

Experience having proved that the affinity of a body for ^“51!°" 
another greatly facilitates electro-chemical decompositions, 
Becquerel employed this principle to reduce oxide of iron, 
magnesia, zirconia, and glucina.| He conceived from reflect- 
ing on the chemical reactions which take place in living 
animals, that vitality developes peculiar electric forces, which, 
though feeble in appearance, produce nevertheless effects 
which can only be obtained by affinities of a certain energy. 

One of the methods of giving probability to this opinion, , is to 
prove that we can produce in inorganic compounds, energetic 
chemical effects, with feeble electric forced He took two 
glass tubes, containing each in its bottom a quantity of pure 
clay, and plunged half way into a vessel filled with water. 

Into the first he poured a solution of nitrate of copper, and by 
a plate of platinum connected it with the positive pole of a 
Voltaic trough of thirty pairs. Into the second tube, con- 
nected in the same way with the negative pole, was put a 

* Ann. de Chim. et de J. JbW, : 
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solution of common salt. In this case water alone was decoifr- 
posed, and not nitrate of copper. The reason obviously was 
that the oxide of copper could not be transported through the 
pure watery because it could not foi*m in that liquid a soluble 
compound. If we operate in the inverse manner, that is, if 
we put the nitrate of copper into the negative tube, decom- 
position takes place; the copper being deposited upon the 
negative pole* and the acid transported through the liquid to 
the positive pole. ' 

If we pour into a negative tube a solution of sulphate of 
copper, and into the positive tube a solution of nitrate of pot- 
ash, the nitric acid is disengaged in this '’last tube ; the potash 
in passing to the negative tube acts on the sulphate of copper, 
separating a portion of the oxide of copper, which is reduced, 
and occasions the double sulphate of copper and potash which 
crystallizes. As long as sulphate of copper remains to be 
decomposed, and as there is a sufficient quantity of nitrate of 
potash in the positive tube, the sulphuric acid is not trans- 
ported intp that tube; but as soon as the double sulphate 
begins to be decomposed, its presence there may be rendered 
sensible by nitrate of barytes. We may lay it dorif&aa a 
general rule, that when two salts are in solution, the most 
soluble is always decomposed in preference of the other;* ; 

It was supposed at first that pretty strong electric currents 
were necessary to decompose solutions of manganese, zinc, 
iron, tin, and arsenic, and to obtain a certain quantity of the 
reduced metal at the negative pole. The solutions of titan- 
ium, nickel, cobalt, uranium, and chromium, offered at first 
no sensible traces’ 6f decomposition ; but M. Becquerel soon 
discovered that^the presence of water was an obstacle to the 
decomposition of these salts, especially when the oxygen of 
the water has less affinity for the hydrogen than it has for the 
metal’ When this was the case, water alone might be decom- 
posed. On this account it was mecessary to employ very 
concentrated solutions, or sometiihes the oxides themselves 
slightly moistehed. *.-■* 

. Even these ^precautions are not sufficient when we wish to 
reduce refractory oxides.* ' We must then have recourse to 
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another method* When the hydrogen gas arrives at the Cb.xvm 
negative pole, it must exert there a reducing power so much 
the more energetic the longer it remains in the state of, 
nascent gas, a state the most favourable possible to chemical 
action. The less rapid the current of gas disengaged is, the 
longer will it remain in the nascent state. But this requires 
a weak electric current : hence a certain degree of electric 
force will be more successful in reducing these refractory 
metals, than a stronger one would be. 

Guided by these theoretical considerations, Becquerel re- 
duced from these solutions, and with an exceedingly weak 
force, iron, zirconium, glucinum, and magnesium, in crystals 
or crystalline plates. 

To reduce iron to the metallic state, he employed a battery 
of five or six pairs, feebly charged, or even of a single pair. 

He made use of two tubes arranged as formerly described. 

Into th'* negative tube he poured a solution of the protosul- 
phate of iron, and into the other a solution of common salt ; 
and the battery was so weakly charged that the evolution of 
gatf was scarcely sensible. The soda and hydrogen passed 
into the negative tube. The alkali uniting with the sulphuric 
acid, formed a double sulphate of iron and soda ; while the 
hydrogen reacting on the oxide at the instant of its precipita- 
tion, occasioned its reduction. The iron is deposited upon the 
negative plate, sometimes in very small crystals, sometimes 
as if it had been in fusion, (especially when the action is very 
slow,) and sometimes in small round tubercles more or less 
crystalline. When the plate is covered with crystals symme- 
trically arranged, it possesses magnetic polarity, owing doubt- 
less to the want of continuity in the particles of iron ; for the 
permanency of the magnetic properties of steel is probably 
owing to the interposition of the particles of carbon, which 
prevents the two kinds of magnetism from combining together 
after having been separated. 

Magnesia is reduced with more difficulty than iron. Bec- 
querel' was obliged to employ a battery of thirty pairs of 
plates. He put into the negative tube chloride of magnesium ; 
which having been formed in a silver vessel, contained a small 
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qftMrtityof that metal, which was favourable to the success of 
the process. There was first formed upon the platinum plate 
a grey deposite, then tubercles of the same colour, and finally, 
octahedral crystals of a silver-white colour, possessing all the 
characters of magnesium. 

M. Becquerel employed electric currents to explain how 
iron is converted into steel by the process of cementation, and 
how in many rocks the elements are transferred from within 
to without, and replaced by others without any loss of solidity 
being the consequence. Nature must employ forces capable 
of transporting these elements in two different directions, *nd 
to great distances. Now, electric currents supply all the 
forces necessary to produce such effects. 

When iron and charcoal are in contact at the temperature 
of ignition, if we bring both of these bodies in contact with an 
electro-multiplier, we shall find that a strong electric current 
exists, which passes from the iron into the charcoal — the same 
direction as that of the current produced by the combination 
of iron with oxygen, or of a base with an * acid. By means of 
this current, the particles of carbon are transferred, at a red 
heat, into the interior of the iron, and thus the iron 
steel. I- ■ 

In 1832, M. Becquerel showed how, by means of efectric 
currents, crystals of metallic oxides might be obtained.* To 
dissolve the oxides he employed peroxide of potassium 1 ,' which, 
in consequence of its high degree of oxidation, cannot be 
capable of forming with these oxides combinations so stable 
as {hose with potash, which is a more energetic base. 

When potash is melted in an open silver crucible, it loses a 
part of its water, and absorbs oxygen from the atmosphere, 
forming peroxide of potash, which is decomposed water, 
oxygen gas being disengaged. If we put into a silver crucible 
half a gramme of black oxide of copper, with two or three 
grammes of caustic potash, prepared by means of alcohol, and 
keep its temperature for a few minutes at incipient ignition, 
the oxide of copper will be completely dissolved. When the 


* Arixwde Chim. et de Phys. li. 101. 



DECOMPOSITIONS BY WEAK ELECTRIC CURRENTS. 

Solution cools* oxygen gas is disengaged* flocks of black oxide Ch 
of copper are disengaged* and small crystals of anhydrous 
black oxide are formed* some of which have sometimes a 
length of several millimeters. 

When the crucible. is kept for some time in a red heat* the 
black o$ide of copper is changed into red oxide* which is 
obtained in small crystals of a brick-red colour. 

When protoxide of lead is substituted for black oxide of 
copper* we obtain that protoxide crystallized in small cubes or 
square plates, provided the crucible be kept only a very short 
time at an incipient red heat. If the red heat be continued 
for some time* the protoxide of lead passes into the peroxide* 
which crystallizes in hexagonal plates of a flea-brown colour. 
Phosphate and sulphate of lead treated in the same way are 
completely decomposed* while crystals of protoxide and per- 
oxide of lead are formed. By the same process the oxide of 
cobalt may be obtained in square plates* and the oxide of zinc 
in needles of a dirty yellow colour. 

It has been often remarked* that in chemical operations the 
walls of the vessel have an influence on the reactions. M. 
Becqu^rel attempted to ascertain the nature of this influence.* 
He took a narrow glass tube* open aU both extremities, and 
introduced by one end a quantity of calcined oxide of cobalt 
reduced with water into a very fine paste. The aperture 
was then closed* a silver wire introduced into the tube, and 
the upper portion of it filled with a solution of chloride 
of chromium. After a fortnight small dendritical metallic 
crystals began to be perceived on the inferior part* and on 
the surface of the tube. He obtained the same effect without 
employing the silver wire. The oxide of cobalt, which is not 
easily reduced by the action of Voltaic electricity, yields in 
this instance to a current apparently feeble* but which, how- 
ever, must possess considerable energy. 

The inner surface of the tube must have exercised a great 
influence* as the reduction took place above. In the slow 
action of the chloride of chromium on the oxide of cobalt, 
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Part il electricity was disengaged. The two fluids must have united 
along the inner surface of the tube, which served to establish 
the poles of the small battery. 

M. Becquerel’s next attempt was to obtain sulphurets by 
other processes.* He experimented chiefly on sulphurets of 
lead and of antimony. Into a tube of glass, shut at one end, 
he put a quantity of sulphuret of mercury ; over it was poured 
a solution of chloride of magnesium, and a metallic plate of" 
lead was passed through the solution to the very bottom of 
the tube. The tube was now sealed hermetically, and its 
contents left to the slow action of the electric current induced 
by their mutual action on each other. In about six weeks a 
thin metallic film began to be perceived on the inner surface 
of the tube, just above the sulphuret of mercury. This film 
detached itself, and its inner side was studded with tetra- 
hedral crystals of pure sulphuret of lead. On opening the 
tube, a gas was disengaged, having the odour belonging to 
combinations of sulphur with chlorine and hydrogen. Anti- 
mony subjected to a similar treatment, also furnished crystals ; 
but their nature was not so accurately determined, though 
probably they were sulphuret of antimony. 

Such are the most important of the experiments made by 
M. Becquerel to form a great number of combinations and 
decompositions by means of weak electric currents. At the 
meeting of the British Association held at Bristol in 1836, 
Andrew Crosse, Esq., read to the chemical section the result 
of a set of similar experiments, on which he had been engaged 
for several years. * Without being aviare of what had been 
previously done by M. Becquerel, Mr Crosse had obtained 
many similar results,* and came to similar conclusions. It 
will be sufficient if we state here the general result of Mr 
Crosse’s investigations. 

Expert.^ In the neighbourhood jof Broomfield, in Somersetshire, 

Mr Crosse, there is a cavern, the roof of which is partly studded with 
arragonite and calcareous spar in fine crystals. The water 
which flows from that roof contains in the quart about ten 


* Ann. de Chim. et de Pby«. Hit. 105. 
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grains of carbonate of lime, and a little sulphate of lime in ch.xvin 
solution. Mr Cros&e filled a drinking glass with this water, 
and by means of platinum wires subjected it to the action of 
a Voltaic battery of two hundred pairs of plates, charged with 
common water. In ten days he perceived on the negative 
wire rhomboidal crystals of carbonate of lime, and on the 
positive wire bubbles of gas. Three or four weeks after, the 
* negative wire was completely encrusted with regular and 
irregular crystals of carbonate of lime. 

The experiment was repeated in the dark with a battery 
of twenty-nine pairs of two inch plates, the negative wire 
having been wrapt round a piece of limestone. In six weeks 
tlfe whole negative wire was covered with crystals of calcare- 
ous spar. The water exhausted by this process of its car- 
bonate of lime, having been removed and replaced by fresh 
water, and this substitution being repeated for eight months, 
the negative wire became covered with a thick crust of lime- 
stone, a portion of which was as white as snow, while another 
portion was brown, and extended partly to the limestone 
round which the negative wire had been wrapt. 

Mr# Crosse afterwards operated in another manner. He 
made the water fall drop by drop for several weeks on a piece 
of brick, through which, by means of platinum wires, passed 
the electric current produced by a battery of one hundred 
pairs of 5 inch plates, charged with water. The brick was 
supported on a glass funnel, which conducted the water into 
a bottle placed below. In four or five months the brick was 
partly covered with carbonate of lime more or less crystallized. 

Crystals of arragonite were deposited on the part of the brick 
nearest the positive pole, while the crystals of calcareous spar 
were confined to the neighbourhood of the negative pole. 

Mr Crosse made other experiments with a battery of eleven 
great cylinders of zinc and copper, each nine inches high and 
four in diameter. He exposed to its action a piece of the 
same brick placed in a glass vessel, partly filled with fiuosilicic 
acid, which covered only a portion of the brick. Small holes 
had been made on the ends of the brick to introduce the 
platinum wires. The lead contained in the glass was gradually 

2 M 
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Part - »■ deposited on the negative pole, and in six weeks he perceived 
crystals of silica at the extremity of the lead formations. The 
lead having been removed, the silica was deposited at the 
positive pole instead of the negative. In two or three days 
there was formed at the bottom of the vessel a six-sided 
prism, terminated by a six-sided pyramid, similar in appear- 
ance to quartz, but not hard enough to scratch glass. In 
two or three months this crystal had lost its transparency, * 
but still retained its shape. Another crystal obtained in the 
same way, and placed in a dry place, readily scratched glass. 
It had preserved its transparency, and was well crystallized. 

Mr Crosse subjected to the action of a battery of one 
hundred and sixty pairs of plates, each 2 inches square,* a 
solution of silicate of potash, with a portion of the scouring 
brick placed in the middle of the liquid, above which it rose. 
In three weeks the positive wire was encrusted with siliceous 
matter, and a few days after, fifteen or sixteen-? hexahedral 
crystals were visible, rising from the line upon the surface of 
the brick between the two wires constituting the poles of the 
battery. 

In another experiment, a piece of clay slate having been 
suspended by the platinum wires in a solution of silicate of 
potash, hexahedral masses of gelatinous silica were deposited 
round the positive pole, which gradually disappeared, and 
gave place t$ a formation of calcedony at the positive extre- 
mity of the clay slate. 

Mr Crosse obtained the following substances by means of 
the action of Voltaic electricity: — Calcareous spar, arragonite, 
'quartz, red oxide of copper, arseniate of copper, blue car- 
bonate of copper, green carbonate of copper, phosphate of 
copper, sulphuret of copper, carbonate of lead, sulphuret of 
silver, carbonate of zinc, calcedony, oxide of tin, yellow oxide 
of lead, sulphuret of antimony, sulphuret of zinc, protoxide of 
iron, sulphuret of iron, crystals of sulphur. It will be seen 
from the account of the labours of Becquerel in this depart- 
ment of electricity, in the preceding part of this chapter, that 
he had anticipated # Mr Crosse in almost the whole of these 
discoveries. But Mr Crosse was not aware of this circum- 
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stance ; and no blame can be attached to him for the state- Ch.xvili 
ments which he made, without making himself acquainted 
with what Becquerel had done, as he had no intention when 
he came to Bristol to read any paper to any of the sections, 
but was in some measure forced into notice, and obliged to 
make the statements which he did by the eagerness of some 
of the members of the geological section to hear the details. 

And as electricity does not in general enter into the pre- 
liminary studies of geologists, it was very likely that the pre- 
vious researches of Becquerel, though some of them dated at 
lea*; twelve years back, may have been unknown to them. It 
was fortunate, I think, that Mr Crosse’s experiments were 
made known. His modes of operating differed from those 
of Becquerel, and he confirmed in a very simple and satisfac- 
tory manner most of the results which Becquerel had previ- 
ously obtained. 

Should Mr Crosse have continued his experiments to the 
present time, he would confer a favour on the cultivators of 
electricity if he would give the new results which he may have 
obtained to the public. 

A set of experiments, made by Dr Golding Bird, on the Expert-^ 
effect of very weak electric currents, deserves to be noticed Dp Bird, 
here, on account of the simplicity of his apparatus, and the 
striking results which he obtained.* A glass cylinder inch 
in diameter, and 4 inches in length, was closed at one end by 
means of a plug of plaster of Paris, 0*7 inch in thickness. 

This cylinder was fixed by corks inside a cylindrical glass 
vessel, about 8 fhches deep and 2 inches in diameter. A 
piece of sheet copper, 6 inches long and 3 inches wide (having 
a copper conducting wire soldered to it), was loosely coiled 
up, and placed in the small cylinder with the plaster bottom. 

A piece of sheet zinc of equal size, was also loosely coiled up, 
and placed in the large external cylinder (bein§ furnished like 
the copper plate with a conducting wire). The larger cylin- 
drical glass being then nearly filled with weak brine, and the 
smaller with a saturated solution of sulphate of copper, the 


Phil. Trans. 1887, p. 37. 
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two fluids being prevented from mixing by the plaster of Paris 
diaphragm, the apparatus of Dr Bird is complete. If care be 
taken that the fluids in the two cylinders are at the same level, 
it will yield a continuous flow of electricity for several weeks. 
But the current is exceedingly feeble. 

After some weeks, chloride of zinc is deposited in the ex- 
ternal cylinder, and beautiful crystals of metallic copper, 
frequently mixed with crystals of red oxide of copper (exactly 
resembling ruby copper ore), and large crystals of sulphate of 
soda are found adhering to the copperplate in the smaller 
cylinder, especially on that part where it touches the placer 
diaphragm. 

If the two copper conducting wires of the apparatus be 
plunged in water, acidulated with sulphuric acid, action soon 
commences, bubbles of hydrogen appearing at the wire con- 
nected with the zinc plate, while that connected with the cop- 
per plate is oxydized, and at last partly dissolved. When 
both wires were of platinum, no evidence of decomposition 
could be obtained. If, instead of acidulated water, the wires 
be immersed into a solution of nitrate or acetate of lehd, after 
an interval of about 15 minutes, some delicate and elegant 
feathers of metallic lead, which rapidly increased in size, ap- 
peared at the negative wire. This did not happen when both 
wires were of platinum ; but it was not prevented, though the 
negative wire consisted of platinum. 

By the addition of Becquerel’s little decomposing appara- 
tus, formerly described, Dr Bird found that chlorides or ni- 
trates of iron, copper, tin, zinc, bismuth, antimony, lead, and 
silver were decomposed, and the metals reduced. The re- 
duced metals generally, though not always, possess a perfect 
metallic lustre, are more or less crystalline and often beauti- 
fully so, affording a striking contrast to the irregular, spongy, 
soft masses olftained from the same solutions by means of 
large batteries. 

Some metals, which are deposited from their solutions only 
in the state of oxide, when acted on by currents from large 
batteries, are, by Dr Bird's small battery, deposited in a bril- 
liant metallic form ; this is the case with nickel. A solution 
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of chloride or sulphate of nickel, when -placed in the smaller Ch.xvili 
tube of the decomposing apparatus, yields, after some hours, 
a crust of metallic nickel on the negative plate, often of a silvery 
lustre on the surface immediately applied to the platinum. 

With this apparatus, Dr Bird succeeded in decomposing silica. 

He employed for the purpose fluoride of silicon, obtained by 
passing a current of fluosilicic acid gas into alcohol ; on filling 
the smaller tube of the decomposing apparatus with this solu- 
tion, and making the connexion with the small battery, 
bubbles of hydrogen were copiously evolved at the surface of 
tli<* negative platinum plate, and continued for ten hours. 

Then the platinum began to be tarnished, and in twenty-four 
hours there was a copious deposit of silicon on the platinum 
plate. Around the reduced silicon and suspended in the fluid, 
was a dense gelatinous cloud of silicic acid. The silicon was 
nearly black and granular under the microscope, exhibiting a 
tendency to a crystalline form. It was deposited on the pla- 
tinum in longitudinal striae, which appeared to follow the 
direction of certain lines of minute eminences on the surface 
of the piece of platinum, produced apparently by scouring it 
with fine sand and a piece of cork, before being used. 

The silicon thus produced become? of a snowy whiteness 
when ignited in the flame of a spirit lamp, and falls off in thin 
flakes, being converted into silicic acid. 

Dr Bird observed, that when an aqueous solution of fluo- 
silicic acid was submitted to the action of his small battery 
continued for several weeks, a considerable deposition of gela- 
tinous silica was formed round the reduced silicon, mixed with 
small crystalline grains. These were hard enough to scratch 
glass, and appeared translucent under the microscope. They 
were minute crystals of silicic acid. 

Dr Bird failed in reducing potash, and forming potassium Potassium 
, ... . TJ . . 6 “ , , . , . : . ° r , not reduo- 

by this apparatus. But he succeeded in obtaining an amal- ed. 
gam of potassium by employing a modification of his apparatus. 

Id place of the smaller tube containing the metallic solution, 
he used a small glass funnel, the beak of which was carefully 
filled up with plaster of Paris. On this plaster floor, he placed 
a piece of glass t&e closed at one end about half an inch in 
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length, and a fifth of an inch in diameter, and half filled with 
pure mercury. This tube was inclined so as to form an angle 
of about 49° with the plaster floor of the funnel, which, with 
its contents, was partly immersed in the weak brine contained 
in the large cylinder of the decomposing apparatus; the ex- 
ternal cylinder communicated as before with the copper plate 
of the battery, by means of a slip of amalgamated zinc dipping 
into the brine which it contained. The funnel w&s then 
nearly filled with a solution of chloride of potassium, and a 
piece of platinum wire, connected with the zinc plate of the 
battery being twisted into a flat spiral at one end, so as to 
present a larger surface, was immersed in the mercury contained 
in the little tube submerged in the saline contents of the 
funnel. Bubbles of hydrogen gas were evolved from the sur- 
face of the mercury. In abopt ten hours, the mercury had 
swelled up to double its original bulk, owing to the consider- 
able quantity of potassium, with which it had been amalgam- 
ated. 

Chloride of sodium being substituted for chloride of potas- 
sium, an amalgam of sodium was obtained; but a longer time 
was necessary, and the quantity of sodium evolved was smaller. 
When sal ammoniac was»substituted for the preceding chlorides, 
the amalgam of ammonium was obtained with great readiness, 
the mercury swelling to five or six times its original bulk. 
The amalgam was of the consistence of butter ; but it is well 
known that it cannot be preserved. In water, it is immediately 
decomposed, giving out hydrogen, and yielding a solution of 
ammonia. But what is curious, it may be kept unaltered 
for weeks, simply by being kept in contact with the negative 
pole of the battery. 

The preceding details will give the reader a pretty accurate 
idea of the reductions and decompositions produced by electric 
currents of the very feeblest kind, but continued for a long 
period. Now, as from the nature and arrangement of the 
substances found in metallic*veins, it cannot be doubted that 
such feeble electric currents frequently exist in them, it is 
pretty evident that such currents, continued during a long series 
of years, may produce very considerable Changes upon the 
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nature of the substances of which these veins consist. Some Cfr.XVHi 
indeed, have gone so far as to ascribe the formation and col- 
lections of all the different substances constitutjpg metallifer- 
ous veins, to these electric agencies. According to them, the 
particles of metal may have been originally severed promis- 
cuously through the whole of the rocks through which the 
vein passes, and they may have been gradually transferred 
into the vein by a feeble electric current, round the negative 
pole of which these metallic particles may have been deposited. 

In a similar manner, sulphurets, oxides, and even salts, may 
have been deposited ; and thus the various substances found 
in veins gradually accumulated. 

But if we attend to the structure of metalliferous veins, we structure 
can hardly adopt so very sweeping a conclusion. When veins 
consist of various substances, they are commonly disposed in 
layers or strata, more or less parallel to each other and to 
the walk of the vein. In the centre of the vein, we generally 
find a single bed running parallel to the sides of the veins, 
for example, a layer of calcareous spar; on each side of this 
layer is a stratum of some other substance, fluor spar for ex- 
ample. On each side, between the fluor spar and the walls of 
the vein, are interposed other strata, # all parallel to the walls 
of the vein and to each other, and repeated on both sides of 
the middle portion, and these different strata may amount to 
sixteen, or even more. Nobody can examine such a structure 
without being satisfied that these veins have been gradually 
filled by the introduction of new matter, either from below, or 
from the surfaces. 

B^lthat the metalliferous portion of veins may have been Metaiiifer- 

* » ous portion 

collected by the slow but constant action of weak electric may have 
currents, or at least a considerable portion of it, is rendered ed^cur! 
not unlikely by several well-known facts. rents * 

In the great lead-mine district in the north of England, 
occupying a portion of the counties of Northumberland, Cum- 
berland, Westmoreland, Durham, and York, the metalliferous 
veins run from east to west, and pass through beds of .sand- 
stone, slate clay, and limestone, constituting, in fact, the 
lowest portion gf the great coal formation connected with 
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Newcastle and its neighbourhood ; there are seventeen beds 
of limestone, distinguished by names, viz., the great limestone , 
the little limestone, the four-fathom limestone , &c. Now, it is 
almost constantly observed, that during the passage of a vein 
through the limestone, it is much richer in galena, which con- 
stitutes the common lead ore of the district; and that during 
its passage through the sandstone beds, it is much poorer. 
But as during the passage of a vein through the limestone, it 
is not merely richer but also wider, we must admit, that the 
supposition that the galena was originally dispersed through 
the limestone, and collected by long-continued electric cur- 
rents, will not account for the appearances in a satisfactory 
manner. 

In Cornwall, the lodes or metalliferous veins are observed 
generally to be richer when they pass through the granite, 
than when passing through the killas or clay slate. 

The existence of electric currents in veins, may be made 
visible to the eye when they circulate through conductors, by 
placing a magnetic needle, finely poised, or an electro-multi- 
plier, as it is called, within the sphere of their activity. When 
our object is to determine the existence of currents in veins, 
we must place two distinct portions of the Vein in contact with 
the two extremities of the multiplier ; nor can we expect 
any effect if these two portions do not consist of conducting 
substances ; unless they happen each to be charged with the 
opposite kind of electricity, which would occasion a momen- 
tary current. Accordingly, before attempting researches 
on the electric currents in veins, it is necessary to ascertain 
whether the substances usually found in veins be condlbting 
bodies; and likewise, supposing them conductors, to determine 
the relative goodness of each. 

Mr Fox,* to whom we are indebted for an important set of 
observations on the electric currents in veins, has determined 
the relative conductibility of various mineral substances, when 
plunged into water, or into various acid and alkaline solutions. 
The foQowing table exhibits the result of these experiments, 

* fffil. Trans. 1835, p. 39. 



DECOMPOSITIONS BY WEAK ELECTRIC CURRENTS. 537 


m which every substance is negative with respect to the one Ch.Kvm 
which immediately follows it : — 


Binoxide of manganese 
Rhodium 
Loadstone 
Platinum 
Arsenical pyrites 
Plumbago 
Iron pyrites 
Arsenical cobalt 
Copper pyrites 
Purple copper 
Galena 


These five hold nearly 
the same place. 


Standard gold 

Cupfer nickel 

Vitreous copper ore 

Silver 

Copper 

Pan brass 

Sheet iron. 


Mr Fox compared the electro-chemical effects of different 
metalliferous couples plunged into different solutions ; the re- 
sults obtained by using successively sea water and muriatic 
acid, diluted with thirty times its weight of water, are exhibited 
in the following table : — 



Zinc. 

| Copper. 

Iron. 

Lead. 


Sea 

Muriatic 

Sea 

Muriatic 

Sea 

Muriatic 

Sea 

Muriatic 

fiinoxide% manganese 
in crystals, • * . 

water. 

acid. 

water. 

acid. 

water. 

acid. 

water. 

acid. 

66° 

60° 

85° 

45° 

52° 

64° 

50° 

56°’ 

Loadstone, 

41 

58 

21 

29 

88 

48 

82 

47 

Platinum, 

21 

46 

1 

5 

21 

23 

15 

21 

Plumbago, . . 

52 

56 

23 

81 

45 

45 

42 

45 

Iron pyrites, • 

34 

88 

7 

8 

20 

29 

20 

19 

Copper pyrites, 

49 

#7 

86 

81 

43 

44 

45 

43 

Purple copper ore, . 

44 

45 

14 

10 

88 

40 

82 

88 

Galena, . . • 

47 

50 

19 

27 

86 

41 

87 

87 

Gold, . . . 

26 

88 

n 

14 

14 

80 

25 

24 

Vitreous copper ore, . 

42 

51 

16 

24 

17 

25 

24. 

82 

Silver, 

56 

59 

22 

21 

47 

45 

44 

. i 42 

Sheet copper, . 

55 

58 

— 

_ 

19 

87 

4Q / 

88 

Pan brass, 

84 

43 

— 

_ 

11 

17 

ir 

SO 

Sheet iron, 

86 

46 

i — 

— 

, — 

— 

— 

— 


Intensity 
of currents. 
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Part II. Mr Fox remarks, with respect to the electrical relations 
of different metalliferous minerals in a geological point of 
view, that it is curious to observe how nearly those which are 
usually associated in the same vein agree in this respect, their 
reciprocal Voltaic action being generally very small. Were 
it otherwise, he conceives that the evidences of decomposition 
in situ, would be much more decided and general than they 
are at present. There is, however, a sufficiently strong action 
in some cases to account for the electro-magnetic phenomena 
that have been observed in copper and lead veins. Thus, 
when copper pyrites and vitreous copper form a Voltaic com- 
bination in water taken from a mine, or even in spring water, 
they are capable of producing considerable deflections of the 
needle. It is not, therefore, surprising that when two parallel 
veins, or two portions of the same veins separated by imper- 
fect conductors, are connected with the galvanometer, the 
action of the needle should be so very decided. The degree 
of influence on the needle does not seem to depend, in the case 
of metalliferous minerals, upon extensive Voltaic surfaces; 
for only one or two inches of surface may produce nearly the 
maximum effect in deflecting it, if the wires used .in the gal- 
vanometer be small : hence the reciprocal action of two masses 
of ore, when connected by wires, may be very great. And it 
appears highly probable that the metalliferous veins, and per * 
haps, even the rocks themselves, impregnated as they are 
with different mineral waters, and thereby rendered imperfect 
conductors, if not exciters of electricity, may have an impor- 
tant influence in the economy of nature.* 

Fox’s ap- The apparatus which Mr Fox employed to determine the 
detecting 01 electro-magnetic phenomena of the Cornish veins, consisted 
veins!* 1 * m small plates of copper, fixed by means of iron nails to the 
parts of the veins subjected to experiment ; or pressed strongly 
against these parts by pieces of wood, and put in communica- 
tion with the two extremities of the wires of the multiplier, 
with short wires and a single magnetic needle. Th| facta 
which he observed were the following : — \ 

\ 

* Phil. Trans. 1835, p. 40. 
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The intensity of the current varies wiih the localities, ch.xvhi 
Sometimes the deviation of the needle is small, and sometimes 
very considerable ; in general, it is the greater the more cop- 
per exists in the vein. He thinks, also, that it increases with 
the depth of the stations. There is no action, or at least very 
little, when the vein contains little or no metallic substance. 

When there is only a distance of a few yards between the 
copper plates, and when there is placed between them a great 
quantity of copper, not interrupted by non-conducting bodies, 
there is no action ; but if quartz or clay happens to be in the 
vein, the action is usually very decided. 

When the two copper plates are placed at different depths Direction 
in the same vein, or in different veins, the electric action is in rents, 
generalvery marked. The currents move sometimes in one 
direction and sometimes in another. On comparing parallel 
veins, he conceived that the positive electricity has generally 
a direction from north to south, though, in some cases, it 
moves in a contrary direction. In north and south veins, the 
east is generally positive and the west negative. On com- 
paring stations at different depths in the same vein, the in- 
ferior is negative when compared with those higher up ; but 
exceptions to this rule occasionally occurred, particularly 
when a cross course of quartz or clay is interposed. 

Thus, there is nothing very regular in the progressive in- 
crease of negative electricity as we descend in the mine. Had 
it been so, it would have borne a r elation'to the increase of tempe- 
rature which is known to take place in proportion to the depth. 

Mr Fox did not find the electric properties influenced either 
by the miners, the candles, or the explosions of gun-powder. 

All the substances entering into the composition of metal- 
liferous veins, are far from possessing the conductibility 
necessary to allow the transmission of the currents from the 
metallic portions. Mr Fox found sulphurets of silver, mer- 
cury, antimony, bismuth, arsenic, manganese, and zinc, non- 
conductors, and likewise metallic oxides and metallic salts. 

The killas or clay slate, and the beds of clay, are feebly con- 
ductors, but only in the direction of their cleavage, and con- 
sequently in consequence of the moisture which they contain. 
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ELECTRICITY. 

Even the granite of Cornwall became a conductor, when 
steeped in a solution of common salt.* 

Mr Henwood has also made some interesting observations 
on the mineral veins of Cornwall.t His mode of experiment- 
ing was similar to that of Mr Fox. The copper plates were 
placed at distances, varying from a few feet to several hun- 
dred, sometimes at the same level, at other times at very dif- 
ferent levels. The results were the same, whatever was the 
directions of the mineral veins. In those yielding only tin, 
several of which were in contact with copper veins? no trace 
of a current could be perceived, except in certain cases when 
the intermediate space was filled with rich copper ore. The 
presence of electricity was more decided when the vein con- 
tained copper pyrites, grey copper ore, galena, and. blende. 
It was insensible when no , metal was present; but veins 
containing copper pyrites, grey copper ore, and galena, 
others containing carbonate and phosphate of lead, and grey 
copper ore, gave no indication of the existence of electric 
currents. 

Neither Mr Fox nor Mr Henwood found any connexion 
between the directions of the veins, and that of th# electrical 
currents. The following table exhibits the results of a great 
number of experiments 


Direction of the vein. 

Inclination. 

Direction of electric currents, and 
number of observations. 

East and west 

North 

East to west, . 

18 

Ditto 

Ditto 

West to east, . 

6 

Ditto • ■ . . 

South ^ 

East to west, . ' 

1 

Ditto ... 

Ditto 

West to east, . 

35 

North-west and south-east 

South-west 

Ditto 

North-west to south-east, 1 

Ditto 

South-east to north-west, 8 

North and south 

East 

North to south, 

1 

Ditto 

Ditto 

South to North, 

3 

Ditto 

West 

North to south, 

1 


When metalliferous portions at'different depths were brought 
into communication; the currents, in thirteen trials, were in 


* Mem; of the Cornish Polytechnic. 

+ Phil. Magazine, (3d Series,) xii. 125. 
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the direction from below to above, and in thirty-five trials, Ch.xvm 
from above to below. In thirty-six experiments, the current 
was directed towards the granite ; in twenty-one, it was in the 
contrary direction. 

These experiments of Messrs Fox and Henwood, supposing 
them exact, leave no doubt of the existence of electric cur- 
rents in mineral veins. Comparing them with the decomposi- 
tions and reductions produced by Becquerel, Crosse, and 
Bird, by means of weak electric currents, there cannot be a 
doubt that such currents, acting for a long series of ages, must 
have induced important changes in the contents of these me- 
tallic veins. Some of the new substances formed, may be 
conjectured from the radiations and crystallizations of metals 
and sulphurets of metals, which Becquerel succeeded in ob- 
taining. As this subject is highly interesting, and when pro- 
secuted further may lead to most important conclusions, we 
shall here give a short view of Mr Fox’s conjectures (for 
they amount at present to nothing more) respecting the for- 
mation of mineral veins.* 

He is of opinion, that mineral veins were originally fissures, Conjectures 
probably caused by the elevation of strata, or changes in the motion of" 
temperature of the earth ; that they yere small at first, and velIi8 ‘ 
gradually increased in their dimensions ; and that the mineral 
contents progressively accumulated during the whole period 
of the development of the fissures. And as changes in the 
earth’s temperature might produce changes in the direction 
and intensity of the terrestrial magnetic curves, he conceives 
■that electricity may have powerfully influenced the existing 
arrangement of the contents of these fissures. 

Copper, tin, iron, and zinc, in combination with sulphuric 
acid, being very soluble in water, Mr Fox conceives, that in 
this state they would be capable of conducting Voltaic elec- 
tricity. And as the rocks constituting the walls of the vein 
contain different salts, they would be in opposite electrical 
conditions, and hence currents would be generated and readily 

* These views were communicated by Mr Fox to the Polytecbnical 
Society of Corwall, and published in their Report for 1836. I have to 
thank Mr Fox, for a copy of his very interesting paper. 
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Part li. transmitted through the fissures, and in time the metals would 
be separated from their solvents, arid deposited in the veins. 
But on the known principles of electro-magnetism, such cur- 
rents would be more or less influenced by the magnetism of 
the earth ; and therefore, they would not pass from north to 
south, or from south to north so easily as from east to west, 
but more easily than from west to east. 

By the continued actions of these electric currents, it is 
obvious, that from the metallic sulphates, sulphurets of the 
same metals would be gradually formed and deposited in the 
veins. 

Mr Fox conceives that many of the fissures penetrated to a 
great depth and into regions of very high temperature, and 
that consequently the water which they contained must have 
• circulated upwards and downwards with greater or less 
rapidity. Now, as the solvent power of water seems to in- 
crease in some ratio to the augmentation of temperature, if 
would doubtless tend to dissolve some substances at a great 
depth, which it would deposit more or less in the course of 
its ascent through cooler portions of the water, and, also, on 
account of its partial evaporation on reaching the surface. 
He thinks that the earthy contents of veins, and more espe- 
cially silica in its various states, were accumulated in this 
manner, and usually combined more or less with matter other- 
wise deposited. 

The rocks, clays, &c., containing different saline solutions, 
and metalliferous substances in contact with water, charged 
' in many’ instances with other salts, were calculated to produce 
electric currents. This action was probably much increased 
by the circulation of the water, and the difference of its tem- 
perature; and more particularly by the existence of com- 
pressed and heated water, metallic bodies, &c., at or near the 
bottom of the fissures. 

The water in the fissures, holding in solution metallic and 
earthy salts* was a conductor of electricity, especially when 
heated, and a much better conductor than the rocks them- 
selves. In conformity with the laws of electro-magnetism, 
the currents of electricity would, if not otherwise controlled, 
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pass towards the west, through such fissures as were nearly Ch.xvm 
at right angles to the magnetic meridian at the time. The 
more soluble metallic and earthy salts may have been decom- 
posed by the agency of these electric currents, and the bases 
been thereby determined in most instances towards the electro- 
positive pole or rock.. But tin in these circumstances is only 
partly deposited at the electro-negative pole, and partly at the 
electro-positive pole in the state of peroxide: hence, pro- 
bably, the reason why in the Cornish veins tin is sometimes 
found along with copper, and sometimes distinctly separated 
from it. 

The position of one rock with respect to another, or to a 
series of other rocks, may as well as theijr relative saline or 
metallic contents, temperature, &c., have had a decided influ- 
ence on the deposition of thf ^minerals on them by electric 
agency ; so that a given rock may have been electro-positive 
in one situation, and electro-negative in another, in regard to 
other neighbouring rocks. 

The evolution of sulphuretted hydrogen, and the tendency 
of some metals when in solution to absorb oxygen and become 
insoluble, may in many instances have interfered with the 
regular arrangement of the metals, sush as electricity would 
have effected : hence many anomalies may have arisen, espe- 
cially with regard to tin. 

The electrical reaction of the different metalliferous bodies, 
and of masses of ore on each other, after their deposition in 
the fissures, may have corrected these anomalies in some in- 
stances, and may have given rise to them in others, by chang- 
ing the direction of the electric currents, and thus modifying 
the relative position of the deposits. The pseudomorphous 
crystals of various descriptions, as well as other phenomena 
observable in mines, prove that some such secondary action 
must have taken place. 

Cross veins which consist of quartz, may have been filled 
mechanically, or by the deposition of silica from a state of 
solution, or by both these means; and the striated and 
radiated structure of the quartz may be owing to the ten- 
dency of electricity under ordinary circumstances to pass 
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Jh .. transversely rather than longitudinally through north and 
south veins.* 

The frequent occurrence of a mass of ore in that part of a 
metalliferotie* vein which is intersected by a cross vein, and 
also of small branches of ore from a dislocated part of a lode 
on one side of a cross vein, without there being corresponding 
veins near the other part of the lode on the opposite side of 
the cross veins, afford evidence of the decomposition of the 
ore in such cases after the intersection took place. It may 
have been accumulated in the east and west vein, rather than 
in the north and south one, by the influence of electro-mag- 
netism.f * 

The small veins of copper and tin ore which are often 
found in cross veins between the dislocated parts of lodes* 
and the frequent occurrence oftfnore considerable, and yet for 
the most part very limited quantities of these ores in the 
former, in immediate vicinity of intersections, are addftiotfal 
arguments in favour of the operation of the same definite 
agency. 

The secondary fissures resulting from the cracking off of 
larger or smaller masses of the hanging sides of veins, may 
have been partly filled in many instances by the electric 
action of different portions of ore on each other; and the 
secondary lodes may have been formed at right angles to 
parallel east and wqpt lodes, in consequence of. the reciprocal 
action of the latter. 

Such is a viqw of the ingenious hypothesis of Mr Fox 
respecting the or%in and filling of the Cornish veins, given 
' as nearly as possible in his own words, in order to prevent 
the possibility of mis-statement. The subject is still in its 
infancy. The ingenious experiments of Becquerel must be 
pushed still farther. And we should like to see an attempt 
made to point out in some individual vein, those portions 
which owe their present state to electrical currents — what the 

* The cross courses or quartz veins in Cornwall usually run north and 
south. 

f The metalliferous veins in Cornwall are called Jodes. They usually 
run from east to west. 
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substances were upon which .these currents acted, and what Ch.xvm 
the specific changes induced. 

The* experiments of Mr Fox and Mr Henwood constitute 
an interesting commencement of these very important investi- 
gations. The veins of lead ore in the north of England, be- 
ing so much more numerous, and less, deep, than those of 
Cornwall, and passing through a greater number of beds, 
would deserve to be experimented on in a similar manner. Is 
it not probable that the thin layers of iron pyrites so common 
in pit-coal, owe their origin to electric currents ? 

Mr Spencer of Liverpool has made a very ingenious appli- Electricity 
cation of a Voltaic battery of low intensity, which promises tommva 
to be exceedingly useful by enabling us to form engravings on iu rel * ef - 
copper in relief, which may be substituted for wood-cuts, and 
thus printed at the same time with the letter-press. The 
method which he has suggested is this : — 

Into the glass vessel A, pour a saturated 
solution of sulphate of copper. Place the 
glass cylinder B, open a£ both ends, but 
having the bottom shut with a plug of plas- 
ter of Paris about an inch thick, so that it 
shall occupy the centre of the vessel A. Fill 
it with a solution of common salt. C is the 
copper plate on which the engraving is to 
be made. A copper wire is to be soldered 
to it, while a plate of zinc is soldered to the 
other end of it. The wire is to be so bent 
that the copper plate C is just under the 
plaster plug, and of course immersed in the 
sulphate of copper solution ; while the zinc plate is above 
the plaster plug in the small glass cylinder, and of course 
immersed in the solution of common salt. 

The copper plate C, before being soldered to the wire, is 
covered with varnish, and the figures or lines wished to be 
formed upon it in relief are drawn upon the varnish, taking 
care that every line penetrates to the metal. After the graver 
has done its duty, pour upon the varnish a little dilute nitric 
acid, and allow it to remain till the oxide is completely 

2 N 
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fort II. removed, and the bottom of every line consists of metalHfe** 
copper. Now, place the whole as in the figure. The plas- 
ter of Paris plug becoming' wetted with the liquid, allows the 
Voltaic energy to pass, and the circle is complete. Metallic 
copper is deposited on every line, and adheres firmly to the 
metallic plate, so tjiat when the varnish is removed, every 
line is exhibited in relief. Thus the copper plate may be set 
up along with the letter-press, precisely like engravings upon 
wood. 

This method will obviously save a good deal of expense, 
and may be applied in a great variety of ways. Mr Spencer 
has very ingeniously pointed out, or alluded to various pur- 
poses to which it may be applied. He has shown how fac 
similes of coins, medals, &c., may be made, and how engrav- 
ings may be multiplied by it ad infinitum. This must be 
particularly useful in the potteries, where ten or twelve en- 
gravings of the same pattern are often required. 

Mr Spencer's pamphlet has been just printed in Liverpool*. 
It is entitled, An Account of some Experiments made for ties 
purpose of ascertaining how far Voltaic Electricity max$be use- 
fully applied to the purpose of Working in Metal . ' Being a 
paper read at a meeting of tbfc Liverpool Polytechnic -Society, 
held at the Medical Institution , Mount Pleasant , on Thursday , 
the 1 2th September, 1839. It is a most interesting pamphlet 
of twenty-six pages, and exhibits one of the happiest and most 
masterly pieces of /nductive reasoning in the English lan- 
guage. 


CHAPTER XIX. 

OF THE ELECTRICITY OF THE ATMOSPHERE. 


After discovering the Leyden phial, and witnessing the 
effects of electrical batteries, electricians could not avoid 
perceiving the analogy which existed between lightning and 
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*eftctricity. This analogy was according^ pointed out by Ch. xix. 
various individuals, especially by the Abb6 Nollet ; but it was Lightning 
Dr Franklin, who, having discovered the power of pointed f h e “ tri ‘ 
bodies to discharge electricity at a distance, first thought of mme * 
employing that method to render atmospherical electricity 
sensible. Not having in America the requisite means for 
such an experiment, he requested the electricians in Europe 
to turn their attention to it. The first person who attended 
to his suggestion was M. D’Abilard, who constructed an 
apparatus for the purpose at Marly la Ville, about 6 leagues 
from Paris. It consisted of an iron rod 40 feet long, the 
lower extremity of which was brought into a sentry-box where 
rain could not enter ; while on the outside it was fastened to 
three wooden posts by silken strings defended from the rain. 

M. D’Abilard was obliged to Jeave home, but in his absence Verified by 
he intrusted his machine to one Coisier, a joiner, who had 1 ar * 
served 14 years among the dragoons, and on whose courage 
and understanding he could depend. This artisan had all the 
requisite instructions given him, and he was desired to call 
some of his neighbours, particularly the curate of the parish, 
whenever there should be any appearance of a thunder storm. 

On Wednesday the 10th of May, 1752, between two and 
three in the afternoon, Noisier heard a pretty loud clap of 
thunder. Immediately he ran to the machine, taking with 
him a phial furnished with a brass wire ; and presenting the 
wire to the end of the rod, a small spark issued from it with a 
snap like that of a spark from an electrified conductor. Stronger 
sparks were afterwards drawn in the presence of the curate and 
a number of other people. The curate’s account of them was 
that they were of a blue colour, an inch and a half in length, 
and smelled strongly of sulphur. In taking them, Coisier 
received a stroke on his arm, a little below the elbow. 

Eight days after this, M. Delor witnessed the same appear- 
ances at his house situated in one of the highest spots in 
Paris. His apparatus was similar to that. of D’Abilard, ex- 
cepting that his iron rod was 99 feet in length. There was 
no thunder nor lightning, only a cloud passed over the house. 

Dr Franklin, after having published his views on this sub- 



548 


ELECTRICITY. 


P»rt i I. ject) was waiting for the erection of a spire in Philadelphia Id 

Franklin’s execute his experiment. It occurred to him that by means of 

electric a common kite, he could have a readier and better access to 
kite. , 

the regions of thunder, than by any spire whatever. Prepar- 
ing therefore a large silk handkerchief, and two cross sticks 
of sufficient length on which to extend it, he took the oppor- 
tunity of the first approaching thunder storm, to take a walk 
into a field in which there was a shade convenient for his pur- 
pose. But dreading the ridicule which too commonly attends 
unsuccessful attempts in science, he communicated his in- 
tended experiment to nobody but his son, who assisted him in 
raising the kite. 

The kite being raised, a considerable time elapsed before 
there was any appearance of its being electrified. One very 
promising cloud had passed gver it without effect ; when at 
length, just as he was beginning to despair of his contrivance, 
the rain having wetted the string which was of hemp, and 
rendered it a better conductor, he observed some loose threads 
on it to stand erect, and to avoid one another, just as if they 
had been suspended on a common conductor. Struck with this 
promising appearance, he immediately presented his knuckle 
to the key which was tied to the end of the string, and the 
discovery was complete. He perceived a very evident electric 
spark. Others succeeded even before the string was fully 
wet, so as to put the matter past all dispute ; and when the 
rain had wetted the string, he collected sparks very copiously. 
This happened in June, 1752 ; about a month after the French 
electricians had verified the theory, but before any informa- 
tion on the subject had reached Dr Franklin. 

Hazard of This experiment of Franklin was attended with extreme 

the expen- r 

ment. danger. Had his cord been more moistened, or a better 
conductor than it was, it is probable that this celebrated man 
would have fallen a sacrifice to his temerity, and we would 
have been deprived of all the benefits which he afterwards 
conferred upon science, upon his own country, and upon man- 
kind in general. This actually happened soon after to Pro- 
Death of fessor Richmann of Petersburg, who was struck dead by a 
Richmann. flash of lightning on the 6th of August, 1753, drawn by his 
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apparatus into his own room, as he was attending to an ch. xix. 
experiment which he was making with it. 

He had provided himself with an instrument, which he 
called an electrical gnomon, the use^of which was to measure 
the strength of electricity. It consisted of a rod of metal 
terminating in a small glass vessel, into which he had (for 
what reason does not appear,) put some brass filings. At the 
end of this rod a thread was fastened, which hung down by 
the side of the rod when it was not electrified, but when it 
was it avoided the rod, and stood at a distance from it, mak- 
ing an angle at the place where it was fastened. To measure 
this angle he had the arch of a quadrant fastened to the bot- 
tom of the iron rod. 

He was observing the effect of the electricity of the clouds, 
at the approach of a thunder storm upon his gnomon, and of 
course standing with his head inclined towards it, accom- 
panied by M. Solokow (an engraver, whom he frequently took 
with him to be a joint observer of his electrical experiments, 
in order to represent them the better in his figures), when 
this gentleman, who was standing close to his elbow, observed 
a globe of blue fire, as he called it, as big as his fist, jump 
from the rod of the gnomon, towardsbthe head of the Profes- 
sor, which, at that instant, was about a foot distant from the 
rod. This flash killed Mr Richmann ; but Mr Solokow could 
give no account of the particular manner in which he was 
immediately affected by it. For at the same time that the 
Professor was struck, there arose a sort of steam or vapour, 
which entirely benumbed him, and made him sink down upon 
the ground; so that he could not remember even to have 
heard the clap of thunder, which was very loud. 

The globe of fire was attended with a report as loud as 
that of a pistol. A wire which brought the electricity to the 
metal rod was broken to pieces, and its fragments thrown 
upon Mr Solokow’s clothes. Half of the glass vessel in wliich 
the rod of the gnomon stood, was broken off, and the filings 
of metal that were in it were thrown about the room. The 
door-case of the room was half split through, the door torn 
off and thrown into the room. The shoe on the Professor’s 
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left foot was burst open, and there was a blue mark on the 
foot at that place. From which it was concluded, that the 
electricity had entered by the head, where there were evident 
marks of injury, and made its way out again by the left foot.* 

M. de Romas made the experiment with the kite in a more 
perfect manner than the first attempt of Dr Franklin. He 
twisted a fine iron wire into the cord of the kite, t To pre- 
vent the observer from being exposed to danger, the lower 
extremity of the string terminated in a silk cord eight or ten 
feet in length, by means of which the kite with its string was 
insulated. • Instead of drawing sparks with the finger, which 
makes the observer himself receive the charge, he received 
them by means of a metallic conductor, connected with the 
ground by a chain, which he held in his hand by means of an 
insulating glass handle, so that; it resembled our common dis- 
charger. Romas describes the sparks given out from the 
string to this discharger during a thunder storm, in a letter to 
the Abbe Nollet, in very glowing language. “ Conceive,” 
says he, “plates of flame nine or ten feet long, and an inch 
thick, which made as much noise as a pistol. In less than an 
hour I had certainly thirty plates of this size, without Reckon- 
ing a thousand others *of seven feet, and below that. But 
what gave me the greatest satisfaction in this new spectacle, 
was, that the greatest of these plates were spontaneous, and 
that notwithstanding the abundance of the fife Which they 
contained, they fell always on the nearest conductor. This 

* See Phil. Trans. 1754, vol. xlviii. p. 765. Vol. xlix. p. 61. Profes- 
sor Richmann was born in Livonia, on the 11th July, 171 1, his father, 
William Richmann, having died of the plague before the birth of his son. 
He was educated at Revel, Halle, and Jena, and devoted himself to mathe- 
matics and physics. He went to Petersburg as tutor to the children of 
Count Ostermann. In 1735, he became an adjunct of the Academy. In 
1741, he was made extraordinary Professor of Physic*, and in 1745, on 
the death of Krafft, he became ordinary Professor of Physics. Though 
his papers .are valuable, his death has given him a greater degree of cele- 
brity than he would otherwise probably have attained. See Novi Com- 
ment. Acad. Pefropol. tom. iv. for 1752-3, p. 36. 

» f Mr Cuthbertson employed a brass wire which is better, and M. 
Charles used a cord all of metal threads. 
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constancy gave me so much security, that I was not afraid to Ch. $ix. 
draw sparks by means of my conductor, even when the thun- 
der storm was at its height, although the glass handle of that 
instrument was only two feet in length. I conducted where 
1 pleased without feeling in my hand the smallest commotion, 
sparks of fire six or seven feet long, with the same facility as 
those whose length did not exceed seven or eight inches.” 

I refer those readers, who may wish to employ an electrical 
kite for similar purposes, to the late Mr Cuthbertson’s Prac- 
tical Electricity , p. 237, where they will find the contrivances 
which he employed to secure the observer against all risk of 
danger. It may, however, be proper to observe, that the 
experimenter should never hold the string of the kite in his 
hand, even though the lower part of it be of silk, in case rain 
or any accidental cause should make it a conductor. The 
tremendous size of the sparks described above by Romas, 
shows that in such a case they might produce fatal effects. 

Indeed, it is easy to see how intense the electricity may t»tensity «>f 
become at the end of the cord, even when the thunder clouds at the top «f 
are not very formidable in appearance. Poisson has demon- a rod * 
strated that in the case of an insulated cylinder of small 
dimensions in the neighbourhood of ^ charged conductor, the 
thickness of the coating of electricity, on the cylinder is in- 
versely, as its diameter compared to the osculating sphere of 
the charged conductor. Let r = diameter of the cord of the 
kite, R = diameter of the osculating sphere of the thunder 
cloud, E = thickness of the coating of electricity of the thun- 
der cloud, e that of the string, then it has been demonstrated 

that e=zm , m being a constant coefficient, which experi- 


ment has shown to be very nearly _. But the thickness of 

the coating at the extremity of the cylinder, being to that at 
any other part, as 2-3 to 1, the expression for it will be 
20-7 E R 
48 r ' 

To apply this expression to the thickness of the coating of 
electricity at the end of the kite string, let us suppose the 
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diameter of the string to be one line, while the radius of the 
osculating circle of the cloud is 1000 feet. Then R = 
144,000 lines, and r= 1. The expression becomes 
2M 144 ! M0E =62j100E 

Thus it appears that the thickness of the coating of electri- 
city at the extremity of the cord of the kite, is no less than 
62,100 times greater than upon the charged cloud* Now, as 
the pressure on the air is equal to the square of the thickness, 
it will be almost 400 million times greater at the end of the 
string, than on the surface of the cloud. We need not be 
surprised then that such terrible sparks issue from the end 
of the string, even when the thunder cloud is not very con- 
siderable. 

Thus, it has been demonstrated by the sagacity of Dr 
Franklin, that thunder and lightning is merely a case of elec- 
trical discharges from one portion of the atmosphere to an- 
other, or from one cloud to another. Air, and all gases, are 
non-conductors ; but vapour and clouds, which are composed 
of it, are conductors. Clouds consist of small hollow bladders 
of vapour, charged each with the same kind of electricity. It 
is this electric charge which prevents the vesicles from unit- 
ing together, and falling down in the forni of rain. Even the 
vesicular form which the vapour assumes, is probably owing 
to the particles being charged with electricity. The mutual 
repulsion of the electric particles may be considered as suffi- 
cient (since they are prevented from leaving the vesicle by 
the action of the surrounding air, and of the surrounding 
vesicles,) to give the vapour the vesicular form. 

In what way these clouds come to be charged with electri- 
city, it is not easy to say. But as electricity, is evolved during 
the act of evaporation,* the probability is, that clouds are 

* M. Pouillet has published a set of experiments, which seem to over- 
turn Volta's theory of the evolution of electricity by evaporation. He 
has shown that no electricity is evolved by evaporation, unless some 
chemical combination takes place at the same time. But it follows from 
his experiments that electricity is evolved abundantly during combustion. 
The burning body giving out resinous, and the oxygen vitreous electri- 
city. In like manner, the carbonic acid emitted by vegetables is charged 
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always charged with electricity, and that they owe their exist- Ch. xix. 
ence, or at least their form, to that fluid. It is very probable 
that when two currents of dry air are moving different ways, 
the friction of the two surfaces may evolve electricity. 

Should these currents be of different temperatures, a portion 
of the vapour which they always contain will be deposited ; 
the electricity evolved will be taken up by that vapour, and 
will cause it to assume the vesicular state constituting a cloud. 

Thus we can see in general how clouds come to be formed, 
and how they contain electricity. This electricity may be 
either vitreous or resinous according to circumstances. And 
it is conceivable, that by long-continued opposite currents of 
air, the charge accumulated in a cloud may be considerable. 

Now, when two clouds charged, the one with positive, and 
the other with negative, electricity, happen to approach within 
a certain distance, the thickness of the coating of electricity 
increase on the two sides of the clouds which are nearest 
each other. This accumulation of thickness soon becomes so 
great as to overcome the pressure of the atmosphere, and a 
discharge takes place, which occasions the flash of lightning. 

The noise accompanying the discharge constitutes the thun- 
der clap, the long continuance of which partly depends upon 
the reverberations from neighbouring objects. It is there- 
fore loudest and largest, and most tremendous, in hilly 
countries. 

A thunder storm in this country commonly commences in De^mption 
the following manner : — A low dense cloud begins to form in d«r storm, 
a part of the atmosphere that was previously clear. This 
cloud increases fast, but only from its upper part, and spreads 
into an arched form, appearing like a large heap of cotton 
wool. Its under surface is level, as if it rested on a smooth 
plane. The wind is hushed, and every thing appears preter- 
naturally calm and still. 

Numberless small ragged clouds, like teazled flakes of 

with resinous electricity, and the oxygen (probably) charged with vitreous 
electricity. These two sources are sufficiently abundant to account for 
the vast quantity of electricity so often accumulated in the clouds. See 
Ann. de Cbitn. et dc Phys. xxxv f 401. 
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P«jrt lL cotton, soon begin to make their appearance, moving about in 
various directions, and perpetually changing their irregular 
surface, appearing to increase by gradual accumulation. As 
they move about they approach each other, and appear to 
stretch out their ragged arms towards each other. They do 
not often come in contact ; but after approaching very near 
each other, they evidently recede either in whole, or by bend- 
ing away their ragged arms. 

During this confused motion, the whole mass of small 
clouds approaches the great one above it ; and when near it, 
the clouds of the lower mass frequently coalesce with each 
other, before they coalesce with the upper cloud. But as fre- 
quently the upper cloud coalesces without them. Its lower 
surface, from being level and smooth, now becomes ragged, 
and its tatters stretch down towards the others, and long arms 
are extended towards the ground. The heavens now darken 
apace, the whole mass sinks down ; wind rises and frequently 
shifts in squalls ; small clouds move swiftly in various direc- 
tions ; lightning darts from cloud to cloud. A spark is some- 
times seen coexistent through a vast horizontal extent, o$?ji 
zigzag shape, and of different brilliancy in different 
Lightning strikes between the clouds and the fre- 

quently in two places at once. A very heavy rainfalls — the 
cloud is dissipated, or it rises high and becomes light and 
thin.* 

These electrical discharges obviously dissipate the electri- 
city, the cloud condenses into water, and occasions the sud- 
den and heavy rain which always terminates a thunder storm. 
The previous motions of the clouds, which act like electro- 
meters, indicate the electrical state of different parts of the 
atmosphere. * * 

Uorfof'uie Thunder then only takes place when the ^different strata of 
phenomena, air are in different electrical states. The clouds interposed 
between these strata, are also electrical, and awe their vesi- 
cular nature to that electricity. They are also conductors. 
Hence they interpose' themselves between strata in different 

* Robison ; Supplement to third Edition of the Encyclopaedia Britan- 
nica, vol. ii. p. 681 . 



THE ELECTRICITY OF THE ATMOSPHERE. 565 

states, and arrange themselves in such .a manner as to occa- Ch. xix. 
sion the mutual discharge of the strata in opposite states. 

The equilibrium is restored, the clouds deprived of their elec- 
tricity collapse into rain, and the thunder terminates. 

In thunder storms, the discharges usually take place be- 
tween two strata of air, very seldom between the air and the 
earth. But that they are sometimes also between clouds and 
the earth, cannot be doubted. I once witnessed a thunder 
storm from the summit of Lochnagar, a very high granite 
mountain in Aberdeenshire. The thunder was at a great 
distance -east. The first clap was nearly due east, distant 
not less than ten or twelve miles. The second was north-east, 
and equally far off. Thick black clouds intervened between 
me and the thunder, so that I saw no lightning. After watch- 
ing the progress of the storm fqr about half an hour, 
suddenly a white cloud of a very peculiar appearance 
stretched itself between the part of the heavens 
where the thunder was, and the earth. This cloud 
was composed of distinct parallel fibres bent as in 
the margin : it continued about half an hour, during 
which, it conveyed away all the surplus electricity 
from the clouds to the earth. For no*more thunder 
was heard, and the clouds discharged themselves 
in a heavy shower of rain, which terminated the 
thunder storm. 

These electrical discharges sometimes take place without Electrical 

• ti . * discharges 

any noise. In that case the flashes are very bright, but they without 
are single flashes passing visibly from one cloud' to another, and lloisc# 
confined usually to a single quarter of the heavens. When they 
are accompanied by the noise, which we call thunder , a num- 
ber of simultaneous flashes, of different colours, and constitut- 
ing an interrupted zigzag line, may generally be observed 
stretching to an extent of several miles. These seem to be 
occasioned by a number of successive or almost simultaneous 
discharges from one cloud to another ; these intermediate 
clouds serving as intermediate conductors, or stepping-stones 
for the electrical fluid. It is these simultaneous discharges 
which occasions the rattling noise, which we call thunder. 
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Fort if. Though they are all made at the same time, yet as their dis- 
tances are different, they only reach our ear in succession, 
and thus occasion the lengthened rumbling noise so different 
from the snap, which accompanies the discharge of a Leyden 
jar. 

Nature of p If the electricity were confined to the clouds, a single dis- 
ciap. charge (or a single flash of lightning) would restore the equi- 
librium. The cloud would collapse and discharge itself in rain, 
and the serenity of the heavens would be restored. But this is 
seldom the case. *1 have witnessed the most vivid discharges 
of lightning from one cloud to another, which enlightened the 
whole horizon, continue for several hours, and amounting to 
a very considerable number, not fewer certainly than fifty, and 
terminating at last in a violent thunder storm. We see that 
these discharges, though the quantity of electricity must have 
been immense, did not restore the equilibrium. It is obvious 
from this, that not only the clouds but the strata of air them- 
selves, must have been strongly charged with electricity. The 
clouds being conductors served the purpose of discharging 
the electricity with which they were loaded, when they came 
within the striking distance. But the electric stratum of air 
with which the cloud was in contact, being a non-conductor, 
would not lose its electricity by the discharge of the cloud. 
It would immediately supply the cloud with which it was in 
contact with a new charge. And this repeated charging and 
discharging process would continue to- go on till the different 
strata of excited air were brought to their natural state* 
Electrical From the atmospherical electric journal kept by Mr Read, 
atmosphere at Knightsbridge, during two whole years from the 9th of May, 
1789, to the 9th of May, 1791, it appears that clouds, and 
rain, and hail, and snow, are always charged with electricity ; 
sometimes with negative, but more frequently with positive 
electricity. When the sky is serene and cloudless, the strata 
of ait are' generally charged with positive electricity. In such 
cases the thunder rod is charged by induction; the highest 
end acquiring the opposite state of electricity from the air, 
and the lowest end the same kind of electricity, while a por- 
tion of the rod towards the middle is neutral* During the 
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first year, there occurred only seven days in which no electri- Ch. xix, 
city could be perceived. But during the second year, when 
the apparatus was much more complete, not a single day 
occurred which did not give indications of electricity in the 
atmosphere. 

During the first year, the electricity was positive 241 times, 
and during the second, 423 times. This difference was chiefly 
owing to the apparatus. During the first year, there occurred 
seventy-three days in which the signs of electricity were so 
weak, that the kind could not be determined; and there 
were seven days in which no signs of electricity at all were 
perceptible. But during the second year, the apparatus was 
so much more perfect, that no day occurred without signs of 
electricity; and it was ascertained, that on those days in which 
the electricity is weak, it is always positive. During the first 
year, the electricity was observed negative 156 times, and 
during the second year, 157 times. During the first year, 
sparks could be drawn from the apparatus during ninety-eight 
days, and in the second year, during 106 days. From these 
facts, the probability is, that the electrical state of the atmo- 
sphere did not differ much in each of the two years, during 
which the observations were kept. 

The observations of Read have been prosecuted in Italy 
and Germany, where, during the summer season, the air is Germany, 
generally much drier than in Great Britain, and therefore, 
better fitted for electrical observations. The general result 
is as follows : — 

During fine weather, the atmosphere always contains an 
excess of positive electricity. This excess is very small a 
little before sunrise. It augments as the sun rises, at first 
very slowly, and afterwards more rapidly, and reaches its 
maximum some hours after sunrise. It then begins to dimin- 
ish at first rapidly, then slowly, and reaches its minimum a 
few hours before sunset. It begins to augment as soon as the 
sun begins to approach the horizon, and a few hours after, 
reaches a second maximum ; then it diminishes till toward the 
rising of the sun, when the same alternations are repeated. 

Schubler, by his experiments and observations, has given 



558 

Part IT* 


ELECTRICITY. 

greater precision to these general statements/ His expert 
ments are too numerous, and occupy too much room to permit 
us to insert them all here. Very copious extracts from them 
have been copied by Becquerel into the fourth volume of his 
Electricity (p. 85). The following table exhibits the result of 
hourly observations made on the intensity of the electricity in 
the atmosphere, at Stuttgard, on the, 12th of May, 1811. 


Hour. 

Electrometer. 

Sauss lire’s 
Hygrometer. 

Thermometer 

Centigrade. 

Weather. 

Morning. 

4 o’Clock, 

+ 5 




5 . . 

+ 6} 



Quite serene. The 

6 . . 

+ 8 


10-5 

horizon became grad- 

7 . . 

+ 11 


12-1 

ually foggy. Dew fell. 

8 . . 

+ 13 


13-5 

9 . . 


76 

15-6 


10 . . 

+ 8 

70 

mum 

The horizon be- 

Noon, . 

+ 7 

63 


came clear, and the 

2 P.M. * 

+ 64 

61 


sky assumed a purer 

4 . . 

-j- 

60 

21-3 

blue colour. 

5 . . 

+ 5 

62 

20-9 


6 . .• 

+ 6 


mm 

Vapours again made 

7i . . 

+ 8 



their appearance. 

H . . 

+ 12 


mm 

Evening, deW ffell* 

94 . • 

+ 8 

86 

13 

. 

io| . . 

+ 7 

88 

12-1 

Quite serene. 

Midnight, 

+ 6$ 

88 

11 


2 A.M. . 

+ 4 

88 

10-1 



From these observations we see, that at Stuttgard, on the 
12th of May, 1811, the positive electricity of the atmosphere 
was at a maximum at eight in the morning. It became gra- 
dually feebler and feebler, and was at its minimum at five, p.m. 
From that time it became stronger, and reached a second 
maximum at half-past eight, p.m. From this time it sunk 
again, and reached a second minimum about two in the morn- 
ing, when Schubler discontinued his observations. From 
other observations of Schubler, which we cannot find room for 
here, it appears that the maxima and minima show occasionally 
some little differences in the time when they occur. Thus, 
* Schwcigger’s Jour. iii. 123, 268. 
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for example, in the beginning of June, 1811, the maxima took Ch. xix. 
place most frequently about seven, a.m., and nine or half- 
past nine, p.m. ; while, towards the end of that month, they 
occurred at six, a.m., and ten, p.m. In the first half of July, 
the electrical periods were not very distinct, owing to the 
state of the atmosphere. In the last half of that month, the 
two maxima occurred at seven, a.m., and nine or ten, p.m. 
According to Schubler, the electric periods were most distinct 
in those days which were dry and hot, and on which luminous 
striae, analogous to the aurora borealis were perceptible in the 
sky. 

During the first ten days of August, the weather was so 
bad, that observations could not be made. During the last 
two-thirds of the month, the weather was clearer, the maxima 
were at eight, a.m., and half-past eight, p.m. 

In September, the maxima corresponded usually to half- 
past eight, a.m., and half-past seven or eight, p.m. 

In October the maxima occurred at seven, a.m., and seven, 
p.m., and the minima at two, p.m., and ten, p.m. 

In November, the maxima were at nine, a.m., and half-past 
six, p.m., and the minima at half past-seven, a.m., and half- 
past ten, p.m. • 

Schubler’s observations confirmed an opinion that had been 
long entertained, namely, that the force of electricity for the 
two maxima and two minima, goes on increasing from the 
month of July to the month of January, inclusive. So that 
the greatest intensity happens in winter, and the weakest in 
summer : hence we find that in serene days of winter the aug- 
mentation of the electricity is always proportional to the in- 
crease of the cold. From the mean of the months it appears 
that the first minimum and the first maximum have less inten- 
sity than the second minimum and second maximum. 

M. Arago has made a careful set of observations .on the in Paris, 
electricity of the atmosphere, at the Paris observatory. He 
has confirmed the : occurrence of two maxima and two minima, 
every twenty-four hours.* 

♦ See a set of his observations inserted by Becquerel in his Traite 
V Electricity iv. 93. ’ 
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g»yt Il» Prom the observations of Schubler, it appears that when 
the sky is cloudy, the electricity of the atmosphere is still 
positive, and that its intensity is greater in winter than in 
summer ; that during storms, or when it rains or snows, the 
electricity is sometimes positive and sometimes negative, and 
that its intensity is much more considerable than during serene 
weather. Observations Were made upon 140 rainy or snowy 
days ; during seventy-one of these days, the electricity of the 
atmosphere was positive, and during sixty-nine days it was 
negative. 

Arago observed, that during the first seven months of 1830, 
there were twenty-five rainy days, eleven of these days^showed 
no signs of electricity in the atmosphere ; during six of them, 
the electricity was positive, and during eight, it was negative. 

The electricity of the atmosphere sometimes changes its 
state several, times in the same day. Thus Arago remarked, 

. that on the 19th of April, 1830, which was a rainy day, the 
electricity was five times negative and three times positive ; and 
that on the 1 1th of May, the negative electricity contiuu^jfpr 
* some time after the cessation of the rain. Volta observed no 
fewer than fourteen changes of state in the electricity of the 
atmosphere during a storm. Similar observations were made 
by Saussure. 

Saussure observed farther, that in summer when serene 
weather follows several rainy days, and while the earth is still 
covered with humidity, the diurnal period of the electrical 
intensity of the atmosphere resembles that of winter. This 
points out the cause why the intensity of the electricity of the 
atmosphere is greater in winter than in summer. 

Electrical The preceding observations apply to the results obtained 
Ifpen clluu- in observatories; and buildings, and not to the open country 
tr ?* and to mountainous districts, where local causes have a great 
influence on the excess of free electricity found in the atmo- 
sphere. From the observations of Saussure, it appears that 
the electricity of mountainous and isolated places has more 
intensity ; that if is slight, if any, in houses, under .trees, and 
in streets. It is sensible in wide streets and squares, and 
particularly in bridges. About Geneva, it appears, from 



THE ELECTRICITY OF THE ATMOSPHERE. 


561 


Saussure’s observations, that the intensity ofthe electricity of Cb. XIX. 
the atmosphere is greatest during fogs which do not resolve 
themselves into rain, nor rise to a great height above the Sur- 
face of the earth. 

Since the atmosphere usually contains a? notable quantity Chemical 
of free electricity, there can be no doubt that electrical cur- tioos may* 
rents may be readily induced hi it, and that the numerous the°atmo- 
chemical decompositions which have been already described as 8phere * 
produced by its powerful agencies, may frequently take place. 

This has been shown by an experiment of Mr Alexander 
Barry, so interesting that it deserves to be described** In 
August, 1824, he elevated an electric kite in an atmosphere 
favourable to the exhibition of electrical phenomena. It was 
raised from an apparatus firmly fixed in the earth, and was 
insulated by a glass pillar. The usual shocks were felt on 
touching the string. The portion of string let out, with a 
double gilt thread passed through it, was about 500 yards. 

Mr Barry took two glass tubes, shut at the upper extremity, 
but having a platinum wire passing through the shut end, and 
reaching as far as the middle of the tube. The tubes were 
filled with a solution of sulphate of soda, tinged blue by syrup 
of violets, and placed inverted in twe* small glass cups filled 
with the same solution. These two cups were united by 
means of a bent glass tube, filled with the same solution, and 
dipping into each cup. We shall call the two inverted gla*s 
tubes A and B. The platinum wire in A was connected with 
the string of the kite by a piece of gilt thread, while the wire 
in B, by a similar thread, was connected with the eart^ It 
is clear that in this case the direction of the current was from 
A to B ; so that the wire in A was positive, and the wire in 
B negative. Soda was speedily accumulated round the pole 
A, as became evident by the green colour which the syrup of 
violets in the tube assumed. Sulphuric acid was evolved round 
the wire of B, and the consequence was, that the liquid in the 
tube B became red. 

** 

* Phil. Trans. 1831, p. 165. 

2 o 
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CHAPTER, XX. 

OF ANIMAL ELECTRICITY. 


There are four species of fish that possess a curious electri- 
cal apparatus, which enables them to give shocks, and to 
benumb and seize their prey. These are the raia torpedo , 
gymnotus electricus , tetrodon electricus 9 and silurus electricm . 
The torpedo is a native of the European seas, but seems to 
thrive best in the Mediterranean. Its power of benumbing 
the hands of those persons who touched it, was known to the 
ancients ; and the name torpedo , given it by the Romans, was 
derived from that property, though the science of electricity 
had made too little progress to enable them to assign this ex- 
traordinary power to the right cause. a 

1. The raia torpedo belongs to the order of cartilaginous 
fishes. The body is of a somewhat circular fornigjHghtly 
convex above; about 18 inches or 2 feet in 'lengtS, and fpr 
the most part, of a palo-reddish brown on the uppi$ir surface, 
sometimes marked by five large fpid dusky spots, and whitish 
or flesh-coloured beneath.f 

The first attempt to give an anatomical description of the 
structure of the torpedo, was made by Stephano Lorenzini, 
in 1678.J The benumbing faculty, according to him, is seated 
in the two semi-circular or falcated muscles on each side 
of tim thorax, which consist of fibres, irregular, but as large 
as a. goose quill, and made up of bladders filled with a kind 
of water. One end of these fijbres i% fixed to the skin of the 
belly,, and the other end to that of the back. When the fish 
contracts those fibres, there issue out corpuscles fitted to the 
pores of a man’s skin, so as to enter into immediate contact, 

* Plinii Natur. Hist. lib. xxxii. q* 1. 

f See a figure of the torpedo by Mr Walsh, in Phil. Trans. 1773, p. 
.461. 

t Philos. Collect, i. p. 42. 
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and disturb the posture of the parts, and to cause pain as when Ch. xx. 
one’s elbow is hit or knocflbd.' This mechanical explanation 
of Lorenzini was afterward^ advanced by Reaumur. 

Mr Walsh, in a set of experiments made upon torpedos at 
Rochelle, in 1772, first proved that the shocks given by the 
torpedo were electrical discharges. They passed through all t 
conductors, and were intercepted by all hon-concfuctors.* Mr 
Walsh furnished Mr John Hunter with different torpedos, that 
he might be able to investigate the structure of the electrical 
organs of these animals. This he did in a paper published in 
the same volume of the Philosophical Transactions (p. 481). 

The electric organ.3 of the torpedo are placed on each side of Its e,ectrie 
the cranium and gills, reaching from thence to the semi-cir- 
cular cartilages of each great fin, and extending longitudinally 
from the anterior extremity of. the animal, to the transverse 
cartilage which divides the thorax from the abdomen. Each 
organ is attached to the surrounding parts by a close cellular 
membrane, and also by short and strong tendinous fibres, 
which pass directly across from its outer edge to the semi- 
circular cartilages. Each electrical organ is about 5 inches 
in length, and at the anterior end, 3 inches in breadth, though 
it is but little more than half as broad at the posterior ex- 
tremity. Each consists wholly of perpendicular columns, 
reaching from the upper to the under surface of the body, 
where they are placed. The longest column being about an 
inch and a half, the shortest about £ of an inch in length, and 
their diameters about of an inch. 

The figures of the columns are very irregular, varying ac* 
cording to situation, and other circumstances. The greater 
number of them are either irregular hexagons or pentagons ; 
some, however, are pretty regular quadrangulars. Those of 
the exterior row are either quadrangular or hexagonal, having 
one side external, two lateral, and either one or two internal. 

In the second row they are mostly pentagons. Their coats are 
very thin, and sfeem transparent, closely connected with each 
other, having a kind of loose net-work of tendinous fibres 


* Phil. Trans. 1773, p. 461. 
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I. passing transversely and obliquely between the coltlmns, and 
~~ uniting them more firmly togethefJ These are mostly ob- 
servable where the large trunks of the nerves pass ; the columns 
. are also attached by strong inelastic fibres passing directly 
from the one to the other. 

The number of these columns varies with the size of the 
torpedo. In *one of the organs of a very large torpedo, Mr 
Hunter reckoned 1182 columns; in those of an ordinary size, 
they amount to about 470. They increase not only in size, 
but in number, during the growth of the animal, new ones 
forming perhaps every year on the exterior edge, as there they 
are much the smallest. Each column is divided by horizontal 
partitions placed over each other, at very small distances, and 
forming numerous interstices, which appear to contain a fluid. 
These partitions consist of a t very thin membrane, consider- 
ably transparent. Their edges appear to be attached to one 
another, and the whole is attached by a fine cellular membrane 
to the inside of the columns. 

The number of partitions contained in a column of one inch , 
in length, was found to amount to 150. The partitions are 
very vascular ; the arteries are branches from the veins of the 
gills, which convey the «blood that has received the*M|h®iice 
of respiration. They pass along with the nerves tg^fre elec- 
tric organ, and enter with them; they then raflffify in every 
direction. The nerves inserted into each electric organ arise 
by three very large trunks from the lateral and posterior part 
of the brain. Having entered the organs, they ramify in every 
direction between the columns, and send in small branches on 
each partition, where they are * lost. The magnitude and 
number of these nerves is. very great indeed. 

Such is the anatomical structure ofthfe electric organs of 
the torpedo, as determined by Mr Htmier. Some anatomical 
observations on these organs were afterwards made by M. 
Geoffroy Saint-Hilaire.* According to him, they consist of 
a great number of aponeurotic tubes filled with a substance 
of a peculiar nature. Volta, in a ldng paper on galvanic 

> * Jour, de Phys. lvi. 241. 
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electricity, which he published in 1800,* endeavoured to show, Ch. xx. 
that these electric orgaife were similar in principle to the 
Voltaic pile. * 

With respect to the chemical nature of the electrical organs Their 

* w chemical 

of the torpedo, several interesting particulars have been ascer- nature, 
tained by Dr John Davy.t The specific gravity, including 
the upper and under boundary skin, he found 1*026, while 
the specific gravity of a portion of the abdominal muscles of 
the same full-grown fish, was 1*058, and that of the thick 
strong muscles of the back, close to the spine, 1*065. The 
weight of the electrical organs in a torpedo, eight inches long 
and five inches across the widest part of the body, was 302 
grains ; the weight of the whole fish was 2065 grains. But 
when the electrical organs were dried by the heat of a steam 
bath, the weight was reduced^ to 22 grains. Supposing the 
matter dissipated to have been water, the electrical organs of 
the torpedo are composed of 

Solid matter . . 22 or 7*28 

Water . . . 280 or 92*72 

302 100*00 

It would appear from this, that tbs greater part by far of 
the electric organs is water, doubtless holding in solution 
various substances to which the conducting power of the organs 
is to be ascribed. 

When the electric organs are cut into small pieces, and 
placed in a funnel, a liquid makes its escape slightly turbid, 
of a very light fawn colour, and just perceptibly acrid. This 
liquid did not change the colour of turmeric or litmus paper. 

A cloudiness was occasioned by dropping into it a solution of 
nitrate of silver, which was not completely re-dissolved by 
ammonia. It was copiously precipitated by acetate of lead, 
and a cloudiness was produced by dropping into it nitrate of 
barytes and corrosive sublimate. By evaporation, it afforded 
a residue which deliquesced partially on exposure to a moist 
atmosphere, and had 6n acrid and bitter saline taste. 


* Ann. de Chim. zl. 255. 


f Phil. Trans. 1832, p. 259. 



8$6 ^^LttctHiciirr. 

Vin lt ■ When the electric organs of the torpedo are immersed in 
boiling watery they suddenly contract in all their dimensions, 
and the columns became circular. When the fish was newly 
caught, the tendinous fibres of these pillars, after a few seconds 9 
immersion in boiling water, were converted into jelly, and the 
columns falling asunder assumed the appearance and con- 
sistence of a translucent very soft mucilage. From these 
properties ascertained by Dr Davy, and from their not con- 
tracting by Voltaic electricity, it is obvious that the electric 
organs of the forpedo are not muscular ; their walls seem to 
consist of membranes of a cartilaginous nature, filled with a 
liquid containing in solution animal and saline substances, 
do.ubtless differing in its nature in the different cells into 
which the pillars are divided, so as to constitute a Voltaic 
battery, in which liquids are substituted for metallic plates. 

‘ Dr Davy confirmed the experiments of Mr Walsh, who 
pointed out the analogy between the electric organs of the tor- 
pedo and a charged Leyden phial. The quantity of electri- 
city appears to be great, but it3 intensity low : hence, it gives 
shocks, but the current is stopped by very feeble obstacles. 
Mr Walsh found that the thinnest possible stratum of air in- 
terposed effectually stopped the current ; but Dr Davy, wfc6se 
test of the presence of an electric current was more de^lte, 
found that it could traverse, though not very well, a thHWijUr- 
rent of air. The electricity of the torpedo gives no light nor 
spark; but Dr Davy found it capable of communicating mag- 
netism to needles and small bars of steel. It acted also on 
the electro-multiplier precisely as Voltaic electricity does; 
and Dr Davy succeeded in decomposing water by ipeans of 
the electricity of the torpedo, and thus has showmfhat it is 
identical in its effects with Voltaic electricity. / 

Gymnotus 2. The gymnotus electrfeu&t or electric eel, belongs to the 

ekctricus. _ , . „ . ' '' >. . _ . . . - 

order of apodal fishes, and is a native of the rivers in South 
History. America, and Africa.. Its electrical properties were first 
made known by M. Richer, who was sent by Jthe Royal 
Academy of Science# of Paris, t6 maki astronomical observa- 
tions in Cayenne, 1672.* “I was much surprised,” he 
' * Mem. <Je PActid. Royal dcs Sciences, vii. $25. 
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observed, w to see a fish, three or four feet long, resembling ch. xx. 
a large eel, which, on being touched, not only with the finger, 
but even with a stick, so benumbs the arm and the part of 
the body nearest the fish, that the individual remains for half- 
a»quarter of an hour without being able to move* Indeed, 
such a giddiness is produced, that the individual would fall 
down if he did not prevent this by putting himself in a hori- 
zontal position.” M. Richer himself tried the fish, and found 
the effects such as above described. He informs us, that he 
did not know the name of the fish, and it is%ieedless to say 
that he did not suspect that this power of the fish was owing 
to the discharge of electricity. 

But Bancroft, in his Essay on the Natural History of Guiana, 
published in 1769, described this fish under the name of tor- 
porific eel as a native of the river Essequibo, and showed that 
the torporific effect was owing to an electric discharge, simi- 
lar to that of a charged Leyden jar, which the animal could 
give at pleasure. 

In 1775, Dr Williamson, of Philadelphia, made a set of 
experiments on this fish, which he distinguished by the name 
of gymnotus electricus, and showed, as Bancroft had already 
done, thit its benumbing powers \^ere the consequence of 
electric discharges.* A still more particular account of it 
was given at the same time by Dr Garden, of Charlestown.t 

As soon as Mr Walsh had shown that the benumbing pro- 
perty of the torpedo was owing to electricity, the conclusion 
was irresistible that the gymnotus electricus possessed the 
same electrical powers. He procured specimens of the gym- 
notus, and satisfied himself that his conclusions were correct. 

To complete our knowledge of the electrical organs of this 
fish, he prevailed upon Mr John Hunter to dissect the animal, 
and describe the electric organs which it possesses.} They 
were described also with care and in considerable, detail by 
Fahlberg, in 1801.§ 

. The electrical organ constitutes more than one-third of the its electric 
whole anunal, and nearly one-half of that part of the flesh in 0,gau ?* 

* Phil. Trans. 1775, p. 94. t Ibid. p. 102. } Ibid. p. 395. 

§ Kofcgl. Vetcn. Acad. Nya Handlingar, 1801, p. 122. 
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Part it, which it is placed. There are two pairs of these organs, a 
larger and a smaller, one being placed on each side. The 
large pair occupy the whole lower or anterior, and also the 
lateral part of the body, making the thickness of the fore or 
the lower parts of the animal, and run from the abdomen to 
near the end of the tail, or almost the whole length of the 
animal. These two organs are separated from one another 
at the upper part, by the muscles of the back, which keep 
their upper edges at a considerable distance from each other, 
and towards th#* middle they are separated by the air bag, and 
at their lowest parts they are separated by the middle parti- 
tion. The general shape of the organ, on an external or side 
view, is broad at the end next the head of the animal, becom- 
ing gradually narrower towards the tail, and ending there al- 
most in a point. 

The structure is extremely simple and regular, consisting 
of two parts, viz., flat partitions or septa, and cross divisions 
between them. The outer edges of these septa appear ex- 
ternally in parallel lines, nearly in the direction of the longi- 
tudinal axis of the body. These septa are thin membranes 
placed nearly parallel to one another. Their lengths are 
nearly in the direction* of the longitudinal axis, ind their 
breadth is nearly the semi-diameter of the body of the animal. 
They are of different lengths, some being as long as the whole 
organ. They are in general broadest near the anteffcr end, 
answering to the thickest part of the organ, and become gradu- 
ally narrower towards the tail. They have an outer and inner 
edge. The outer is attached to the skin of the animal, to the 
lateral muscles of the fin, and to the membrane which divides 
the great organ from the small 5 and the whole of the inner 
edges are fixed to the middle partition, to the air bladder, and 
three or four terminate on that surface which encloses the 
muscles of the back. 

These septa on the side next the muscles of the back, are 
hollow from edge to edge, fn^eritig to the shape of these 
muscles, hut become less a^dles^ so towards the miadle of the 
organ. The distance^y^tweOn these septa differ in fishes of 
different sizes. In a$j$feh of two feet four inches in length, 
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they were about Jyth. of an inch distant from one another, and Ch. XX. 
the breadth of the whole organ at the broadest part, about an 
inch and a quarter, in which space there were thirty-four 
septa. The small organ has the same kind of septa, in length 
passing from end to end of the organs, and in breadth passing 
quite across; they run somewhat serpentine. They differ 
very much in breadth from one another, the broadest being 
equal to one side of the triangle, and * the narrowest scarcely 
broader than the point or edge. They are pretty nearly at 
equal distances from one another, but much nearer than those 
of the large organs, being only about of an inch asunder. 

But they are at a greater distance from one another towards 
the tail, in proportion to the increase of the breadth of the 
organ. The organ is about half an inch in breadth, and has 
fourteen septa. # 

These septa in both organs are very tender in consistence, 
being easily torn. They appear to answer the same purpose 
as the columns in the torpedo, and are to be considered as 
making so many distinct organs. These septa are intersected 
transversely by very thin plates or membranes, whose breadth 
is the distance between any two septa, and, therefore, of dif- 
ferent breadths in different parts — breadest at the edge which 
is next the skin, narrowest at that next to the centre of the 
body. Their lengths are equal to the breadth of the septa 
between which they are situated. There is a regular series 
of them continued from one end of any two septa to the other ; 
they appear to be so close as even to touch. In an inch in 
length, there are about 240. 

The nerves supplying these organs are from the medulla 
spinalis. They are large,, but not so much so as those of the 
torpedo. These fish have no teeth; but strike the small 
fishes on which they live into a state of torpor by an electric 
shock, and then swallow them. Humboldt, in his View of the • 
Equatorial Regions , informs us that they abound in the rivers 
and lakes of Venezuelan and Caraccas. He went to a village 
in the neighbourhood of one of these lakes. The Indians 
drove about thirty mules into the pond. They were imme- 
diately attacked by the gymnoti. Two were drawn under 
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the water and ‘drowned; the rest, driven frantic, made every 
effort to escape. By degrees the vigour of the fish was 
exhausted ; their shocks became less frequent and less violent, 
and the mules recovered and made their escape. The ex- 
hausted fish were then easily taken. 

A gymnotus, recently brought to London by Mr Porter, 
was purchased by the proprietors of the gallery in Adelaide 
street. Mr Faraday was invited to make experiments on this 
fish, and was enabled to ascertain the identity of its power 
with that of common electricity. It gave shocks, affected the 
galvanometer, converted a steel needle into a magnet, decom- 
posed iodide of potassium, evolved heat, gave a sensible spark, 
and produced all the ordinary phenomena of electricity. It 
killed small fish by passing a powerful electrical shock through 
them.* t 

3. The tetrodon electricus was first observed by Lieutenant 
William Paterson, in the island of Johanna, one of the Comora 
islands, lying between the north-west of Madagascar and 
Africa.f It is seven inches long, two inches and a half broad, 
and has a long projecting mouth. The back of the firfi is a 
dark brown colour, the belly part sea-green, the sides yelfcw, 
and the fins and tail of a sandy greetf. The body te inter- 
spersed with red, green, and white spots; the white ones par- 
ticularly bright. The eyes are large, the iris red, its outer 
edge tinged with yellow. 

These fishes were found in the hollows of coral rocks where 
the temperature of the sea water was between 56° and 60°. 
When Mr Paterson attempted to take one of these fish into 
his hand,* it gave him so severe an electric shock that he was 
obliged to quit his hold. The electrical powers of this fish 
were experienced by different persons ; but I am not aware of 
any attempts hitherto made to ascertain the structure of its 
electrical organ. 

4. The silurus electricus* is found in some rivers in Africa. 
It seetns to have been first noticed by M. Adanson, who went 
to Senegal in 1738, and doritinued there doling six years. 
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assiduously occupied in investigating the natural history of Ch. XX. 
that country. It was afterwards noticed by Forskal in his 
detached papers, which were published by Niebuhr in 1775 . 

It was more particularly described by M. Brussonet under 
the name of Le Trembleur, in the Memoirs of the French 
Academy for 1782 . It is about twenty inches long, very 
broad in the fore part* depressed, and of a cinereous colour, 
with some blackish spots towards the tail. When touched it 
gives an electrical shock, which is not so strong as those given 
by the torpedo and gymnotus. As well as all the other elec- 
trical fishes it is used as food. 

It was dissected, and the structure of its electrical organs its organa, 
described by M. Geoffroy St Hilaire. Instead of being 
placed on each side of the head as in the torpedo, or in the 
inferior part of the tail as in tfce gymnotus, they extend round 
the silurus. They consist of aponeurotic and tendinous fibres 
united so as to form a net, so fine that the meshes of it can- 
not be discovered by the naked eye. The cells of this net 
are filled by a mucous matter. The electric organ is covered 
by a strong aponeurosis, which prevents it from communicat- 
ing with the interior.* 

Although the electrical organs o £ these fishes have been Not identu 

. . ® i • i . , . *al with a 

considered as analogous to a Voltaic battery; yet it must be Voltaic bat- 
acknowledged that the resemblance has not been fully made tery '* 
out. They act only while the animal is alive, and no electric 
currents can be observed so soon as death has taken place. 

Galvani cut off longitudinally a portion of the body of a tor- 
pedo with one of the electric organs, leaving untouched and 
in its natural position the part of the animal containing the 
other electrical organ, together with the head. This last 
portion gave shocks, while it was impossible to obtain any 
from the other portion. The same observation was made by 
Mr Todd. Galvani found also that whenever the head of the 
torpedo was cut off, the electric organs ceased to give shocks. 

But after the heart was removed, the organs continued to 
give shocks till the brain ^was removed, when all electrical 


* Phil. Mag. (first series,) xv. 126 . 
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effects were destroyed. Galvani removed.the brain with such 
precautions as not to disturb the circulation of the blood, yet 
he could not obtain the slightest shock. Every lesion of the 
brain proved fatal to the animal’s power of giving shocks. From 
jthese facts it would appear that the electrical powers of the 
organs of the torpedo are connected with the nervous energy. 

The original discovery of Galvani, which led to the numer- 
ous series of facts that has thrown so much light upon electri- 
city and chemistry, was, that the hind legs of a frog newly 
killed were thrown into convulsions when touched by a scalpel, 
while sparks were drawn from an electrical machine in the 
neighbourhood. This experiment was repeated and varied 
by physiologists in every part of the civilized world, doubtless 
from the new light which it was.expected to throw upon the * 
action of the nerves in the living body. The laws by which 
these convulsions are regulated, have been ascertained with 
considerable accuracy; but it can hardly be said that any 
additional light has been thrown upon the animal economy, or 
that the mysterious action of the nerves is better underst&S$ 
than it was before the discovery of Galvani. 

The hind legs of the frog are prepared for exhibiting; those 
^convulsions by removing the skin, and exposing the' muscles 
of the leg and the crural nerve. Every other part being 
removed, so that the hind legs are joined to the body of the 
animal by the crural nerves alone. If a piece of zinc be 
placed on the crural nerve, and a piece of copper or silver on 
the muscles of the leg, the instant that these two metals are 
brought into contact the muscles are strongly convulsed. 
The convulsions speedily cease ; but they are renewed every 
time that the contact is broken or the circle completed. 

If the crural nerve be laid bare, and the prepared leg of 
the frog suspended by a string tied to the extremity of the 
nerve, if we take hold of the leg, and bring it in contact with 
the nerve, convulsions take place. * From this it appears that 
the nerve and the muscles of the leg are in two different 
electrical states. Ari&lt has been ascertained that the nerve 
in this case fe plus, and the muscle minus. 

It* is well known- that muscles have the property of contract- 
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ing when irritated* Their contractibility is considered by Ch. xx. 
physiologists as referrible to the action of the nerves. When 
a nerve is irritated, it does not contract; but the muscle into 
which it enters, and through which it ramifies, contracts much 
more violently than when the irritation is applied to itself. 

This power of contracting exists only while the parts retain 
their vital energy; but it continues some time after the death 
of the animal, and longer in cold-blooded than in hot-blooded 
animals. 

If we irritate a nerve in a living animal with a sharp-pointed 
instrument, the corresponding muscle contracts. If we con- nervous 
tinue the irritation on the same point, the contraction of the*™* 1 **' 
muscle gradually ceases; but if we carry the irritation to 
^another part of the nerve, it is again renewed. When the 
nerve is cut, if we irritate it, below the section, the animal 
perceives no sensation, but the muscle immediately contracts* 

If we irritate above the section, the reverse effects are pro- 
duced — the animal has the sensation of pain, but the muscle 
does not contract. 

When a nerve is tied, all the muscles supplied by it lose 
their sensibility and power of contracting. 

From these facts it is evident thart the cause which makes 
the muscles contract is transmitted by the nerves. Electricity 
merely acts like any other irritating cause. 

*' It has been affirmed, that nerves are better conductors of 
electricity than any other animal substances ; but this has not 
been proved by satisfactory experiments. 

Notwithstanding the numerous experiments made upon the 
convulsions into which the muscles may be thrown immediately 
after death, it cannot be said that any discovery of importance 
has resulted from them. The only important fact was esta- 
blished by Dr Wilson Philip. He divided the eighth pair of 
nerves in a rabbit, and removed a portion of the nerve. The 
stomach immediately lost the power of converting the food 
taken into it into chyme. But when a current of electricity, 
by means of a Voltaic battery, was made to pass through the 
stomach, the power of digestion was restored, and the food 
converted into chyme, just as if the nerve had not been 
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Part II. divided* From this fact it follows that electricity is capable 
of supplying the place of the nervous energy in the stomach 
of a rabbit. Should electricity be found to supply the func- 
tions of other nerves as well as" those of the stomach, it would 
go far to prove the similarity, if not the identity, of the nerv- 
ous energy and electricity. 


CHAPTER XXI. 

ACTION OF ELECTRICITY ON VEGETABLES. 


Though many experiments have been made, and much has 
been written on the action of electricity on vegetables, it must 
be confessed that little information has been hitherto acquire^ 
Indeed, the aspect of the sky, and its electrical stat&4)M$M 
variable and uncertain in this country to make it casy .tpi con- 
trive a method of experimenting that would elucidate the sub- 
ject. This accounts in some measure for the very contradic- 
tory statements that have been given by different electricians. 

Electricity It is obvious from numerous experiments that electricity 

acts on . . , . * . 

plants as on acts on living plants precisely as it does on inanimate matters. 

matter? 16 It decomposes the saline constituents of the plant ; the acids 
being accumulated round the positive pole, and the alkalies 
or bases rpund the negative pole. Davy, for example, em- 
ployed a sprig of mint vegetating vigorously as a medium of 
communication between the two extremes of a Voltaic battery. 
Wires from these extremities were plunged into two cups of 
distilled water, and the cups were united by means of the 
sprig of mint dipping into each. In ten minutes potash and 
lime appeared in the negative cup, while an acid which pre- 
cipitated ;(Morides of barium and calcium, and nitrate of 
silver, was found in the positive cup. This decomposing 
power is so string that electricity has been employed as a 
means of analysing ye^qtable bodies. Pelletier and Couerbe 
employed Voltaic elect|i 9 *ty to show that picrotoxin possesses 
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the character of an acid. Picrotoxin combined with potash Cb. xxi. 
was subjected to the action of a Voltaic battery; in half an 
hour the picrotoxin was accumulated round the positive pole, 
and. the potash round the negative pole.* 

The consequence of this decomposing power, if the action 
be continued long or the battery^ be very powerful, may be 
the destruction of the vegetable so treated. Davy subjected 
a laurel leaf, during five days, to the action of a battery of 
one hundred and fifty pairs. It became brown. The chloro- 
phyllite, resin, alkali, and lime, were transported to the nega- 
tive pole, while the positive pole contained round it a quantity 
of hydrocyanic acid. The leaf appeared as if it had been 
exposed to the temperature of 500° or 600°. t 

There is an inconsistency in the experiments made to deter- 
mine the effect of electricity, on the germination of seeds, promotes 
Bertholon and Ialabert found that the germination of seeds tUm? 1 "** 
was accelerated by electricity. But Ingenhousz, having placed 
mustard seeds in grooves cut in cork, enveloped in blotting 
paper and swimming in a cup of water, placed the cup with 
its contents in a charged Leyden jar, and established a com- 
munication between the cups and the inside coating of the 
jar. The jar was kept constantly •charged ; yet the time 
which these seeds took to germinate was just the same as that 
of other seeds placed in the same manner, but not electrified. X 
It has, however, been shown that seeds in contact with the 
negative pole of a Voltaic battery, germinate better than 
seeds in contact with the positive pole. This follows from 
the numerous experiments of Becquerel. He employed only 
a single pair of plates. When the seeds were in contact with 
the copper plate they germinated sooner and more vigorously 
than when in contact with the zinc plate. § 

Becquerel has shown that by the Voltaic action the salts Why. 
contained in the seeds are decomposed, the alkali or base 
being accumulated round the negative, and the acid round the 
positive extremity : hence it follows that the presence of an 
alkali or base is favourable to germination, while the presence 

* Ann. de Chira. et de Phys. liv. 181. t Phil. Trans. 1807, p. 52. 

J Jour, de Phys, xxxv. 81. § Trait6 de TElectricite, iv. 176. 



576 

Part II. 


G«rmirmt- 
i*»i$ seeds 
.nre uegH- 
tive. 


Klertrie.itj 
affects the 
Hensitive 
plant. 


ELECTRICITY. 

of an acid is unfavourable. Bulbs in this respect are precisely 
the same as seeds. The result with seeds and bulbs is the 
same, whether we employ a single pair of plates or a Voltaic 
battery. 

Becquerel b&s succeeded in ascertaining the reason why 
an alkali is favourable to t germination. He has found by 
numerous experiments that during germination an acid is 
given out by the # seeds; and in the cases examined by him, 
the acid given out was the acetic. The same was the case 
during the germination of bulbs, and likewise the development 
of buds. This acid being thrown out, must of course be in- 
jurious to germination : hence an alkali or base by saturating 
this acid, and of course removing it, must be favourable to 
germination. . 

It has been shown by PouiUet that when seeds germinate 
they become negative. The reason is that germination is 
analogous to combustion. When seeds germinate, they absorb 
oxygen gas from the atmosphere, and emit carbonic acid. 
Now, the carbonic acid evolved is positive, just as it is when 
charcoal is burnt. The consequence of this must be that the 
seeds become negative. 

We have seen in the*' last chapter, that the excitability of 
the muscles of animals by electricity, was owing to the nerves 
with which these muscles are supplied. As plants have nothing 
analogous to nerves, few of them can be excited by electricity. 
The sensitive plant, the mimosa pudica and sensitiva , has the 
property of shutting up its leaves when irritated. This is 
the nearest approach to muscular action known to exist in the 
vegetable kingdom. Now, Giulio found that when Voltaic 
electricity was made to act upon the branches of these plants, 
the leaves were shut up precisely as when they are irritated.* 

It is obvious that the liquids which exist in vegetable sub- 
stances are not all of the same nature. The sap, for instance, 
before it undergoes digestion in the leaves, is very different 
from the true sap, or succus proprius , contained in peculiar 
vessels in the bark. This diversity, separated as the liquids 


* Becquerel, Traite de TElectricite, iv. 162. 
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are in plants by peculiar membranes, mu&t occasion different Ch. XXI. 
electric states, and of course produce different electric cur- 
rents when the circuit is completed. This is well exempli- 
fied in a beautiful experiment, for which we are indebted to 
M. Donne.* He introduced one of the platinum wires of an 
electro-multiplier into tfoat part of a fruit which is in contact 
with the stalk, and the other into the opposite extremity of 
the fruit. The magnetic needle moved 1#°, 20°, or 25°, 
according to the fruit. In apples and pears the part conti- 
guous to the stalk was plus, and the eye of the fruit minus. 

In the peach, apricot, and plum, it was the reverse. 

* liecquerel, Traite dc l’Electricite, iv. 164. 
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53 

bis theory of latent heat, 
158 

Boiling point affected by barome- 
ter, 179 

in vacuo, 182 
of liquids, 177 

Boracite, electric properties of, 
427 

Boyle, Mir, electrical discoveries 
by, 291 

Brine, maximum density of, 25 
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Brawn, Professor, discovers that 
mercury congeals, 50 
Bromides formed by electricity, 
5 17 

Brush, electric, 400, 401 

in gases, 402 

Burn, order in Which bodies begin 
to, 263 

Caloric, what, 3 
Calorimeter, 60 
Calorimotor, 482 
Canton’s pyrophorus, 251 
Carbon, bisulphuret of, expansion 
of, 16 

Carbon, heat during the combus- 
tion of, 261 

Carbonic acid, quantity formed, 
236 

Carlisle, Sir A., electrical dis- 
coveries by, 299 „ 

Cast iron expands in congealing, 
34 

Cathode, 452 
Cations,*452 
Celsius’ thermometer, 40 
Cementation explained, 526 
Centigrade thermometer, 41 
Chemical rays of light, 119 
Children’s large battery, 372 
Chlorides, formation of, 516 
Cleavage, electricity by, 440 
Climate, coldest, 48 
Clouds, formation of, 230, 552 
nature of, 232 
Clyde, water in, 229 
Cobalt, a magnet, 509 
Cold from solution of salts ex- 
plained, 84 

radiation of, 142 

Colour, effect of, in heating and 
cooling, 127 

Combination, chemical, ^occasions 
a change of temperature, 253 
Combustible, what, 253 
Combustibles, number of, 258 
Combustion, 252 

follows rapid combin- 
ation, 254 

heat evolved by, 257 
. of charcoal, electri- 

dty by, 442 
of hydrogen, electri- 
fy .by 443 


Communication of heat depends 
on surface, 103 

Compounds, decomposed by elec- 
tricity, list of, 451 

formation of, 519 
not decomposed by 
electricity, 450 
Condenser, theory of, 390 
Conduction explained, 377 
Conduction of heat through liquids, 
98 

through solids, 
93 

Conductors, 322 

Congelation, line of perpetual, 
105 

Contact, electricity by, 434 
Cooling, law of, 100 
Coulomb, M., electrical discoveries 
by, 295 

Coulomb’s balance, 336 
1 electrometer, 335 

Crawford, Dr, accounts for the 
origin of heat in combustion, 
276 

Cruikshanks, Mr, improvements in 
the Voltaic pile by, 301, 460 
Crosse, Mr, electrical experiments 
by, 528 

Crystallization, heat by, 173 
Cuneus, Mr, electrical discoveries 
by, 293 

Datfiell's constant battery, 473 
pyrometer, 46 

Davy, Sir H., galvanic discoveries 
by* 306 

Declination of the needle, 488, 
500 

Decompositions by electricity ex- 
plained, 437 

secondary, 479 
by weak electric 
currents, 514 

Deflagrator, 462 

Delisle’s thermometer, 41 

Dew, cause of, 146 

Diamond, has not been fused, 149 

Diathermic bodies, 132 

Dip of the needle, 493 

tables of, 497, 503 
Double chlorides formed, 516 
iodides, 517 
Ductility explained, 174 
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Doubler, Bonnet's, 391 
Dufay, M., electrical discoveries 
by, 298 

Egypt, little- rain falls in, 235 
Elasticity of steam, 180 
Electric eel, 566 
Electrical apparatus, 328 

cylindrical machine, 
329 

decompositions, laws of, 
452 

plate machine, 331 
Electricity, 291, 320 

by induction, 326 
by cleavage, 440 
by contact, 434 
by heat, 417 
by pressure, 429 
chemical combinations 
and decompositions 
by, 441 • 

confined to the sur- 
face, 359 

distribution of, on cir- 
cular plate, 365 
distribution o& on 
bodies, 358 
distribution of, on a 
cylinder, 364 
distribution of, on a 
flat plate, 363 
does not alter bulk, 
323 

general principles of, 
319 

moves rapidly, 323 
passage of, through 
bodies, 372 
proportional to sur- 
face, 360 

rate at which it is 
lost, 339 

substituted for ner- 
vous action, 574 
two kinds of, 325 
Electrics, 321 
Electrode, 452 
Electrolyte, 452 
Electro-magnetism, 486 
Electrometer, Coulomb's, 358 
Electrometers, 334 
Electro-multiplier, 483 
Electrophorus, 394 
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Engraving in relief by electricity* 
545 

Equator, magnetic, 494 
Evaporation, electricity by, 441 
from soil, 223 
importance of, 222 
phenomena of, 208 
rate of, from water, 
222 

spontaneous, 207 
theory of, 212 
Excitation, 321 , 

Expansion, 5 

of liquids, 18 
of liquids when becom- 
ing solid, 32 

Explosion, effect of gases in pre- 
venting, 264 

Fahrenheit's thermometer, 36, 89 
Faraday, Mr, conclusions of, re- 
specting conduction, 378 

electrical discoveries 
by, 315 

Fire, 252 
Fixed bodies, 177 
Flame, nature of, 265 
Fluidity, 149 

theory of, 158 

Foxe's experiments on currents in 
veins, 538 

franklin. Dr, electrical discoveries 
by, 293 

shows the identity 
of lightning and 
electricity, 548 
Freezing mixtures, 166 

theory of, 172 
point of water altered by 
salts, 154 

Friction, electricity by, 411 

evolves electricity, 326 
Frog, convulsions in, by electri- 
city, 434 

how prepared for exhibiting, 
572 

connected with* nervous 
energy, 573 

Fusible metal, cxpansioif of, 26 

Galvani, discoveries by, 436 
Galvani's electrical experiments, 
297 

Galvanic pile, improvements of, 502 
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Qm» what, 201 

, absorption of, by water, 208 
condensation of, 204 
ecific gravity of, 202 
eory of, 203 
Gases, expansion of, 6 

do not become red bot, 
243 

specific heat of, 66 
the same with respect to 
induction, 384 

Gay-Lussac, M., galvanic dis- 
coveries by, 309 

Germinating seeds negative, 576 
Germination promoted by nega- 
tive electricity, 575 

and why, 576 
Gilbert, Dr, electrical discoveries 
by, 291 

Glasgow, rate of evaporation in, 
219 

Glass, expansion of, 29 
Glow, electric, 404 
Glowing, explained, 256 
Gray, Mr Stephen, electrical dis- 
coveries by, 292 
Gymnotus electricus, 566 

electric organs 
of, 567 

Hare, Dr, improvements in Voltaic 
battery by, 461 1 

his battery, 465 

H&uksbee, electrical discoveries 
by, 291 
Heat, what, 3 

celerity of communication 
of, 92 
effects of, 5 

evolved when air is con- 
densed, 109 

evolves electricity, 417 ‘ 
from a blow, 286 
from anhydrous salts, 86 
from combustion, 257 
from friction, 284 
from mixture of liquids ac- 
- counted for, 76 
froth solar ray, 244 
latent, 163 

table of, 165 
of water, 159 
of steam, 194 
of vapours, 200 


Heat, mathematical theories 
288 

nature of, 281 
polarized, 139 
radiates through solids, 132 
radiation of, 115 
refracted doubly, 139 
specific, 52 

• determined by mix- 
ture, 59 

determined by the 1 
time of cooling, 
61 

increases with the 
temperature, 74 
Heats, specific, tables of, 63 
Henwood’s experiments on cur- 
rents in veins, 540 
Hisinger, M., galvanic discoveries 
by, 305 

Hooke, Dr, combustion explained 
by, 273 

Hydrogen, combustion of, electri- 
city by, 443 

considered as phlogis- 
ton, 276 

electrical position of, 
439 

renders platinum red 
hot, 267 

Hygrometers, 216 

Ice, artificial formation of, 148 
Ignition, 242 ' * 

Inclination of needle, 493 
India, evaporation in, 221 
Induction, 326, 381 

explained, 382 
Insulation, 321 

Iodides, formation of, 516, 518 
Ions, 452 

table of, 454 

Iron not magnetic when white hot, 
509 



Latent heat explained, 160 
Lavoisier’s theory of combustion, 

277 

Leyden jar, theory of, 386 
Light absorbed by most bodies, 250 
heats bodies, 244 
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Light, electric, bj condensation of 

air, 406 

ascribed to union of 
the two electri- 
cities, 409 

resembles the light 
of burning bodies, 
* 405 

same as solar, 405 
Lightning identical with electri- 
city, 547 

Lime*, carbonate of, crystals of 
formed, 522 

Liquidity, Irvine’s explanation of, 
91 

Liquids, expansion of, 10 

may be congealed,' 1£1 
point of maximum dehsity 
of, 19 

Madeira, rate of evaporation in, 
*220 

Magnet, what, 487 

artificial, 487 
rotations by, 317 
Magnetic equator Of a sphere, 
508 

intensity, 502 

tables of, 503 

Magnetism communicated by an 
electrical spiral wire, 313 

proportional to the sur- 
face, 508 

Magnets, electric properties of, 509 
Mahon, lord, electrical discoveries 
by, 298 

Malleability, cause of, 175 
Mayow’s theory of combustion, 
273 

Melloni’s experiments on heat, 131 
Melting points, 152 
Mercury, history of congelation of, 
49 

freezing point of, 51 
Mesotype, electrical properties of, 
428 

Metals, conducting power of, 373 
precipitated on metals, 51 5 
reduced by weak electrical 
currents, 532 

Mineral bodies, conductibility of, 
537 

Moon’s rays not hot, 246 


Needle deflected by motion, 509 
Negative bodies, table of, 438 
electricity, 328 

Newton, Sir Isaac, hypothesis of, 
respecting the cooling of bodies, 
100 

Nicholson, Mr, electrical disco- 
veries by, 299 
Nickel, a magnet, 509 
Non-conductors, 322 

solid, becoming 
conductors after 
fusion, 376 
remaining non- 
conductors after 
fusion, 377 

Non-electrics, 321 

CErsted, M. # magnetic properties 
of electric battery discovered 
by, 311 

Oxides, crystals of formed,' 526 , 
reduction of, 523 . 

Percussion, heat from, 286 
Phlogiston, 274 

considered as fixed light, 
275 

Phosphorescent bodies, 249 
Phosphorus, expansion of, 27 
Pile, Voltaic, 457 
# dry, 810 

Plants, etiolated, 1)9 
Plates, large, effect of, 471 

number of, effect in Voltaic 
battery, 470 

Platinum maintains combustions, 
266 

balls, action of, on 
gases, 269 

Points, why electricity is dissipated 
by, 366 

Poles, magnetic, 487 
Positive bodies, table of, .438 
electricity, 325 

Prehnite, electrical properties of, 

428 

Pressure, electricity by, 429 
Pyrophorus, Canton’s, 251 
Pyrometer, Daniell’s, 46 

Wedgewood’s, 45 

Radiating power of surfaces, 125 
Radiation of beat, 115 
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Radiation of heat, theoVy of, 141 
Raia torpedo, 562. 

Raia torpedo, electrical organs of, 
56 3 

chemical nature of, 
565 

Rain, annual fall of, 225, 227 

in Britain, 227 
excessive evaporation, 228 
formation of, 234 
gauge, 225 

Rainy days, number of, 227 
Rarefaction, effects of, on burning, 
264 

Rays, chemical, 119 

solar, heating power of, 116 
illuminating power of, 

117 

Reaumur’s thermometer, 40 
Red heat, 242 

Reflection inversely as radiation, 
129 

Repulsion, electric, law of, 346 
Resinous electricity, 325 
Richmann killed by electricity, 548 
account of, 550 

Rod, intensity of electricity on, 
551 

Rose’s fusible metal, expansion of, 
26 

Safety valve, 181 % 

Sal gemme transmits the whole 
heat, 134 

Saline solutions, conducting power 
of, 380 

Sanctorio’s thermometer, 85 
Scheele’s theory of combustion, 
276 

Sensitive plant affected by electri- 
city, 576 

Silurus electricus, 570 

organs of, 57 1 
Sky, blue colour of, explained, 230 
Soft and spongy bodies, why bad 
conductors of heat, 104 
Solids, expansion of, 27 
may be fused, 149 
Spark, electric, 396 

appearances of, 399 
- effect of gases on, 

398 

Faraday's opinion 
of, 897 ' 


Spencer’s method of* engraving in 
relief by electricity, 545 
Sphene, electrical properties of, 
428 

Stahl’s theory of combustion, 274 
Stanhope’s, lord, experiments on 
electric atmospheres, 352 
Steam, 176 » 

engine, 183 
expansion of, 8 
high pressure, 181 
theory of, 194 

Sugar, action of, on oxide of cop- 
per, 523 
Sulphurets,^ 517 

Supporter of combustion, what, 
253 

number of, 255 
Surface, effects of, in cooling, 121 

Tension, 397 
Te’trodon electricus, 570 
Thenard, galvanic discoveries by, 
309 

Thermo-electric rotation, 424 
Thermo-electricity, 418 • ' 
Thermometer, differential, 122 
discovery of, 35 
range of, 241 

Thermometers, how: made to cor- 
respond, 37 

Thunder clap, natdre of, 556 

storm, description of, 553 
explanation of, 554 
Topaz, electrical properties of, 
428 

Torpedo, 562 

Tourmalin, electric properties of, 
422 

explained, 426 
Transcaloric bodies, 132 

Vacuum dissipates electricity, 32 
Valles, no rain in, 234 
Vaporization, 175 
Vapour, force of, 210 

quantity of, in the atmo- 
sphere, how determined, 
213, 217 

specific gravity of, 193 
of water, elasticity oi> 1B5 
Vapours, 176, 191 
Variation, daily, 491 

of the needle, 488 



INDEX. 


585 


Variation of the needle accounted 
for, 490 

Vegetables,' action of electricity 
on, 574 

Vegetation, electricity by, 445 

promoted by negative 
electricity, 575 — 
and why, 576 

Veins, metallic, currents in, 536 
origin of, 534 
conjectures on 
their formation, 
541 

structure of, 535 

Vicinity of copper and ’ zinc plates 
improves the Voltaic battery, 469 
Vitreous electricity, 326 
Volatile bodies, 177 
Volta, discoveries by, 438 

discovers the pile, 297 


Voltaic pile, 456 • - 

Voltameter, 483 

Water, absorption of gases by, 205 
as a conductor, effect of 
various additions in, 479 
expansion of, 12 
point of maximum density 
of, 19 

Wedge wood’s pyrometer, 45 

Wires heated by electricity, 480 

Wollasftn’s improvements of Vol- 
ta’s pile, 461 • 

Zero, real, how investigated by Ir- 
vine, 76 

Zinc, effects of, in Voltaic battery, 
468 

silicate of, electric properties 
of, 428 


THE END. 
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plus grand soin , Paris, 1839. Prix dc cliaquc livraison, fig. noires. 12#. 

— — — fig. colorizes. £l 4s. 

NOUVEAUX titMENS DE MEDECINE OPERATOIBE, accompagn^s d'un atlas de 22 planches, 
4to. gravdes, reprdsentant les principaux proeddds opdratoires et un grand nombre 
d'instruments de cliirurgie, par A. A. Velpeau, chirurgien de l’HApital de la 
Cliaritd, professeur de cliniqiic chirurgicalc k la facultd de mdrlccinc dc Paris, 
deuxidnie ddition, entidreinent refondue, et augmentde d’un traitd de petite chirur- 
gie, avec 191 planches intcrcaldes dans le texte, 4 vols. 8vo. et atlas 4to. Paris , 
1839. £ 2 . 

le nidme avec les planches de Patlas colorides. £ 3 . 

OEUVRES COMPLETES D’AMBROISE PARE, nouvelle ddition, revue et collationndc sur toutes 
les dditions, avec les variantes qu'elles p id sen tent 5 accompagndes dc notes histori- 
ques et critiques, prdedddes de recherches sur la vie et les ouvrages d’Ambroise 
Pard, et sur l'histoire de la cliirurgie nu xvi® sifecle, par J. F. Malcsaigne, 3 vols. 
grand 8vo. k deux colonnes, avec un grand nombre de figures intercaldes dans le 
texte, Paris, 1839. Prix de cliaquc vol. 12#. 

OEUVRES COMPLETES D’HIPPOCRATE, traduction nouvelle, avec le texte grec en regard, col- 
lationnd sur les manuscrits et toutes les dditions ; accompagnde d’une introduction, 
de com mental res mddicaux, de variantes et de notes philologiques ; suivie d’une 
table gdndrale des uiatidres, par 12. LiTTufc. Cet onvrage form era environ sept 
forts volumes 8vo. de 600 k 700 pages cliacun ; il sera publid un volume tons les 
quatre mois. Prix dc chaque vol. 10#. 

— il a dtd tird quelques exempl. sur jdsus vdlin. Prix de chaquc vol. £l m 


Les tomes 1 et 2 sont en vente. 

DES CLASSES DANGEREUSES DE LA POPULATION DANS LES GRANDES VILLES, et des moyens 
de les rendre meilleurcs, par M. Fi^giek, 2 vols. 8vo. Paris, 1839. 14#. 

trait! des maladies des reins, et des alterations de la secretion urinairc, dtudides en 

elles-mdmcs et dans leurs rapports avec les maladies des uretkres, de la vessic, de 
la prostrate, de Turdthre, etc. par P. Rayer, 3 vols. 8vo. Tomes 1 et2, de 600 pa 
avec 6 planches, ibid , 1839. 8#. each vol. 

Le bel atlas pour cet ouvrage, reprdsentant les diverses altdrations m orb ides des 
reins, sera composd de 12 livraisons contcnant chacune 5 planches grand folio, gra- 
vdes et inagnifiquement colorides d’aprds nature, avec un texte descriptif. Neuf 
livraisons sont en vente. Prix de chaquc livraison. 16#. 


Division de V Atlas dc ce bel ouvrage . 


1. Kdphrlte simple. Nephrite rhnmatismale, Ne- 
phrite par poison morbide. PI. 1, 2, 3, 4, b. 

2. Ndplirite albumineusc (maladies de Bright). PI. 
6, 7, 8, 9, 10. 

S. Py£lite (inflammation du bassinet et des calices.) 
PI. 11, 12, 13, 14, 15. 

4. Pi£lo-Ndphrite, Peri- Nephrite, FiBtules Rennies, 
PI. 16, 17, 18, 10, 20. 

5. Hydrondphrose, Kystes urinal res. PI. 21, 22, 
23, 24, 25. 

6. Kystes sdreux, Kystes acdphalocystlques. Vers. 
PI. 26, 27, 28, 20, 30. 


7. Andmic, Hypdrdmie, Atrophie, Hypertrophie 
des reins et de la vessic. PI. 31, 32, 33, 34, lib. 

8. Vices de conformation ct cle situation des 
reins. PI. 36, 37, 38, 30, 40. 

0. Tubcrcules, Melanoses des reins. PI. 41, 42, 
43, 44, 45. 

10. Cancer des reins. PI. 46, 47, 48, 49, 50. 

11. Maladies des tissus elementaires des reins et 
de leurs conduits excreteurs. PI. 51, 52, 53, 
54, 55. 

12. Maladies des capsules surrenales. PI. 56, 57, 
58, 59, 60. 


DES MALADIES MENTALES, considdrdes spus les rapports mddical, hygienique et medico « 
l£gal, par E. Esquikol, 2 vols. 8vo. avec un atlas de 27 planches gravdes, Paris, 
1838. £\. 
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TRAIT! THlORIQUE ET PRATIQUE DES MALADIES DE LA PEAU, par P. Rayeh, 3 vols. 8vo. 
uccompagnes d’un bei atlas de 26 planches grand 4 to. gravies et coloriee.s avec le. 
plus grand soin, repr£sentant en 400 figures, les differentes maladies de la peau 
et leurs varies. Prix du texte seul. Deuxi&me Edition, Paris, 1835. £\. 3s. 

• prix de Patlas seul, avec rexplication raison nee, 4to. cartonn£. £3 10.t. 

— prixdc Ponvrage complet, 3 vols. 8vo. et atlas 4to. cartonntf. £ 4 . 8.v. 

DE LA MORVE ET DU FARCIN CHEZ L’HQMME, par P. Raver, fig. col. 4to. Paris , 1837. 9*. 

DE L’IRRITATION ET DE LA FOLIE, ouvrage dans lecpiel les rapports dc physique et du 
moral sont £tablis sur les bases de la m&lecinc physiologiquc, par F. J. V. 
Broussais, deux&me Edition, entitlement refondue, 2 vols. Bvo. Paris , 1839. 15$. 

INHALES 0’ HYGIENE PUBLIQUE ET DE MEDECINE LEGALE, par MM. Adelon, Andrel, d’Ak- 
cet, Baruuel, Ciievallier, Devergie, EsguiROL, Gaultier ue Claubuy, 
Gukrard Kerauduen, Leu ret, Marc, Ollivier (d’Angers), Orfila, Parent- 
Duciiatelet, Villerme. Prix de l’abonneuicnt par an. £l 4 s. 

Lus Axnalks d’Hygibnis vuhuq.uk kt ns MfinEciNK i.£oai.r paraissent depuis 1829 regullfcre- 
inent tous les trois inois par cuhiers dc 1.0 u 16 feuilles d’iinpression rivo. environ 250 puges, avec 
des plant-lies gravies. 

BULLETIN DE L’ACADEMIE ROYALE DE MEDECINE, jiubli^ par los soins dc 1. commission (lc 
publication de PAcadtiriie, ct rtdigt par MM. K. Pariset, L. C. Roche, et J. B. 
llousyuET. Le Bulletin est public tous ies quinze jours, par cahicrs de 3 feuilles, 
8vo. Prix de l’aboiineinent pour un an. 15.s. 

TRAIT! COMPLET DES MANOEUVRES DE TOUS LES ACCOUCHEMENS, avec 180 apliorismcs sur 
les soins que reelament la nitre et l'cnfant pendant et aprts lc travail et pendant 
les neuf premiers jours qui suivent la parturition, par M. Al>et he Roseville et 
Mme. Merciek, 18mo. avec 13 planches , Paris , 1837. 3.?. 6rl. 

DE INFLAMMATION DES VAISSEAUX ABS0RBANTS, LYMPHATIQUES, DERMOIDES ET SOUS-CUTANlS, 
nialadie dtsignee par les auteurs sous les difftrents noms d*£l£phantiasis des 
Arabes, d’redtme (lur, de bernie charnuc, de maladie glandulaire de Barbade, etc. 
avec quutie planches cn taillc-douce, reprdsentant les diverses formes, etc., par 
M. Alaru, 8vo. deuxitme Edition. Paris, 1824. 6$. 

DU SIEGE ET DE LA NATURE DES MALADIES, ou nouvcllcs considerations touchant la veri- 
table action du systtme absorbunt dans les phtnomtnes de l’lconomie animate; par 
M. Alard, 2 vols. Bvo. Paris, 1821. 12$. 

COURS DE PATH0L06IE INTERNE, professl a la faculty de m£decine de Paris, par M. 
Amir a L, 3 vols. 8vo. 1836. £l 4$. 

N0S0L0GIE NATURELLE, ou les maladies du corps bumain distributes par families, par 
M. A/.l ISERT, 1 vol. 4to . papier vdlin, avec 3$ planches col. Paris , 1838. jfc'2 10*. 

MONOGRAPHIE DES DERMATORES, ou prtcis theorique et pratique des maladies de la peau f 
par M. ALlltERT, 2 vols. 8vo .Jig. deuxioinc edition, Paris , 1835. £1. 

RECHERCHES SUR ^INTRODUCTION ACCIDENTELLE DE L’AIR DANS LES VEINES, ct particulifcre- 
ment sur cette question; l' air, cn s'introduisant spontandment jtar une vcinc 
blessce pendant une operation chirurgicale , peut-il causer subitement la mortf 
par M. A muss at, 1vol. 8vo. Paris, 1839. 6*. 

LECONS SUR LES RETENTIONS D’URINE, caustes par les rttrtcissemens de Purttre, et sur 
les maladies de la glande prostate, par M. Ajviussat, 8vo. Paris , 1832. 4 s. 6d. 

TRAIT! DE TOXICOLOGIE G!n!RALE envisagte dans ses rapports avec la *p£ty*iologie, la 
pathologic, la tlidrapcutique ct la mtdecine legale, par M. Anglada, Bvo. et ta- 
bleaux toxicologiques servant d la recherche analytique des poisons. 5 a- 6d. 

MANUEL PRATIQUE DE LA LITHOTRITIE, ou lettres & un jeune mtdecin sur le broiement de 
la pierre dans la vessie, par M. Bancal; suivi d’un rapport fait a l’Institut royal 
de France, par MM. Percy, Chaussier, Deschamps, Pelletan et Magendie, 
en faveur de son nouvel instrument pour Toperation de la cataracte par extraction, 
ct d’unc lettre descriptive de la mani&re dc la pratiquer au moyen de cet instru- 
ment, 8vo. avec 5 planches , Paris, 1839. 5s. 

TRAIT! DES MALADIES GOUTTEUSES, par M. Barthez, 2 vols. 8vo. Paris, 1819. 12s. 

PRINCIPES SUR L’ART DES ACCOUCHEMENS, par demandes et rtponses, en faveur des 
li£ves sages-fenimes, par M. Baudelocque, septifcme Edition revue, corrigte, 
1 vol. 12mo. avee 30 Jig. Paris , 1838. 7s. (id. 

TRAIT! DES MALADIES VENTEUSES, ou lettres sur les causes et les effets dc la presence des 
gaz ou vents, dans les voies gastriques etsur les moyens de gutrir ou de soulager 
ces maladies, par M. Baumes, deuxibme Edition, 1 vol. Bvo. 1837. 5s. 
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B1BLI OTHEQOE DE THtRAPEUTIQUE, ou recueil <}e ralmoires originaux et des travnnx ntr- 
ciens et modernes sur le traltement des maladies et l’emplcif des medicaments, 
par M. Bayle, 4 vols. 8vo. Paris, 1828-37. £1 8s. 
eiWIQQI HOMXOPATHIQUE, ou recueil de toutes les observations pratiques puhlides jiisqir'A 
nos jours, et traitdes par la mdthode honiceopathique, par M* Beauvais, 8 vols. 
8vo. 1836-39, prix dc cliaque. 9s. 

EFFETS TOXIQUES ET PATHOGENETiqUES PES MEDICAMENTS sur l’&onomie animate dans 
retat de santd, recueillis et mis en tableaux synoptiques, par M. Beauvais, Syo. 
Prix de chaquc livraison. 2s. 6d. 6 livraisons sent en vente. 

MANUEL DE L’ENSEIQNEMENT PRATIQUE DES SOURDS-MUETS, par M. Bebian ; sum de Part 
d'enseigner k parler aux sourds-muets, par l’Abbd de PEp&e, 2 vols. dont tin 4to, 
module d’exercices contenant .32 planches en taille-douce, et 1 v. 8vo. ib. 182 7. 16s, 
TRAIT! DE LA CYSTOTOMIE SUS-PUBIENNE, ouvrage basd sur prds de cent observations 
tiroes de la pratique du docteur Souberbielle, par M. Belmas, Svo.fg-. ib. 1827. G*. 
TRAITt DES MALADIES DES ENFANTS, ou recherches sur les principales affections du 
jeune Age, depuis la prcmi&re dentition jusquVl la puberty, fondd sur de nooi- 
breuses observations physiologiqucs, cliniques et pathologiques, sur Pexamen et 
la discussion de la plupart des auteurs qui se sont occupds de cctte partie de la 
mddecinc, par M. Berton, 8vo. Paris, 1837- 7s. 

DU MAGNfrlSME ANIMAL EN FRANCE et des jugements qu'eu ont portds les socidtds sa- 
▼antes, avec le tdxte des divers rapports faits en 1784 par les coinmissnires de 
PAcnddmie des Sciences, de la Facultd et de la Socidtd royale de Mddecine, et une 
analyse des derni&res sdances de l’Acaddmie royale de Mddecine, et du rapport de 
M. H usson ; suivi de considdrations sur l’apparition de l’extase dans les traite- 
ments magndtiques, par M. Bertha nu, 8vo. Paris, 182G. 7s. 

TRAITt DE CNIMIE, traduit par A. J. L. Jourdan et M. Esslinger, sur les inanuscrits 
inddits de Berz&lius, ct sur la derni&ie ddit. allemande, 8 vols. Hvo.Jig. ib. 1821), 
1833. £2 \ 6s. 

THtORIE DES PROPORTIONS CHIMIQUES, et tableaux synoptiques des poids atoiniques des 
corps simples, ct de leurs combinnisons les plus importnntes, par J. J. Berzelius, 
deuxi&me ddition considdrableinent augmentde, 8vo. Paris , 1835. 8*. 

ANATOMIE PATHOLOGIQUE, dernier cours de Xav. Bichat, d’apr&s un manuscrit auto- 
graphe dc P. A. Bdclard, avec une notice sur la vie et les travaux de Bichat, par 
F. G. BoiSSEAU, 8vo. portrait et facsimile, Paris, 1825. 5j. 

H0MCE0PATH1E DOMESTIQUE, comprenant Thygidne, le rdgime A suivre pendant le 
traitement des maladies et la thdrapeutique hotnoeopathique, prdcddde d*une notice 
sur Vliftpital homceopatliique de la Charitd de Vienne, par le docteur Bigel ; 
deuxi&me ddition entidrement refondue, par le docteur Beauvais (de Saint-Gra- 
tien), 18nio. Paris , 1831). 5s. 6d. 

TRAlU DES MAIAOIES DES ENFAHTS NOUVEAU-NfS ET A LA MAMELLE, fondd sur de nouvellcs 
observations cliniques ct d’anatomie pathologique, faites k l’hdpital des Enfants- 
Tronvds de Paris, dans le service de M. Baron, par C. Billard; troisidnie ddi- 
tion, avec une notice sur la vie et les ouvrages de 1* auteur, et augmentde de notes, 
par Ollivier (d*Angcrs), 1 vol. 8vo. Paris, 1837. 9s. 

TRAIT! DE LA PtolTONITE PUERPERALE, par M. Baudelocque, 8vo. Paris, 1830. 6s. 6d. 

ATLAS D’ANATOMIE PATHOLOGIQUE, pour servir A l'histoire des maladies des enfnnts, par 
C. Billaru, 4 to. fie dix planches colorizes, avec un texte explxcatif, Paris , 1828. 10j. 
TRAIT! !L!MENTAIRE DE MIN!RALOGfE, par E. S. Beudant, deuxidme ddition, 2 vols. 
8vo.f g. Paris , 1833. £l 2s. 

NOUVEAUX !L!MENTS D’ANATOMIE DESCRIPTIVE, par F. P. Blandin, 2 v. 8vo. ib. 1838. 16s. 
ANATOMIE DU SYSTEMS DENTAIRE, considdrde dans Thom me ct les anitnaux, par F. P. 

Blandin, 8 vo. avec une planche, Paris, 1836. 4s. 6 d. 

TRAIT! D’ANATOMIE TOPOBRAPHIQUE, ou anatomie des regions du corps humain, consi- 
ddrde spdcialement dans les rapports avec la chirurgie et la mddecine opdratoire, 
par F. P. Blandin, deuxidme ddition augmentde, 8vo. et atlas folio de 20 planches, 
Paris, 1834. £l As. 

colored plates. £2. 

PARALLELS ENTRE LA TAiLLE ET LA LITNOTRITIE, par F. P. Blandin, 1 vol. 8vo. ib. 1834, 

3s. 6d. 
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0E L'AUTOPIASTIE, ou restauration des parties du corps qui ont dte detruites k la fa- 
veur d un emprubt fait d d'autres parties plus ou raoins dloisnees, par F. P. BtAN- 
o»n, 1 vol. 8 vo. Paris , 1836. 4*. 6 d. 

COURS DE PHYSIOLOGIE Q!n!RALE profess^ k la facultd des Sciences, par M. Blainviu.e, 
3 vols. 8 vo. Paris % 1833. 18*. ' 

0 s TE06RAP H IE f ou description iconographique compare du squelettc et du systeme 
dentaire des cinq classes d'animaux vertebras r 4 cents, et fossiles pour servir de 
base a la zoologie et h la g4ologie, par M. B/.ainvillk, 2 livraisons, 4 to. et 
atlas tie 2 1 planches, folio, Paris, 1839. Prix de chaquo, £\ 7s. 

MANUEL DU MALACQLOGIE ET DE C0NCHYL10L0GIE, par M. Blainv IL le, 1 vol. 8 vo. et 109 
planches gravies, fig. noires, Paris, 1825. £2. 

figures colorizes. £ 5 . 

M 1 UI L!! ,AC J IH0LO9IE ET DE ZOOPHTTOVOGIE, par M. BtA.fty.LLE, 1 vol. 8 vo. et 1 vol 
dc 100 planches 8 vo. noires, Paris, 1833. £ 2 . 

“ — figures colonies. £5. 

TRAIT! !i!MENTAfRE de PHYSIOLOGIE PHILOSOPKiQUE; ou elements de la science dc rhomroe 

*0SBfiMwSit 4 ^«im« ble> princ ! pc3 ’ P “ r M - BlAUD > 3 vols - « vo - /'«»*>. 1830. 12,. 

uuStfecine pratique, par P. G. Bo.sseau, 

ou traits des fii-vres consid^rdes dans Pesprit do la nou- 
Pari?°l831* “^ dlCB,e ' par ¥ ‘ 3!olssEAU > quatrifcrae edition, augments, 8 vo. 

HtMORIM BE I’ART DES ACCOUCHEMENTS, ou principes fondds sur la pratique de l’hospice 
de la matcrnitd de Pane, et sur celle des plus cdfebres pratirjena nalionaux et 
ave f 143 gravures repentant le mdcanisme de toutes les espdees 
1836 “ 4 , “ ,0nl *’ P “ r M “ ie ‘ Bo,vin > quatriime ddition augmentde, 2 vols. Bvo. iiirf. 

RECHERCHES SUR UNE DES CAUSES IfS PLUS FRfQUENTES ET IA MOIHS CONNUES DE L’AVORTE- 

i 1M / SUIV,e « d un memoire sur J’intro-pelvimfetre, ou mensuruteur interne du 
«n mt..ro Par Mme * Bo,V,N » 8 ro./y. Paris , 1828. 4*. 

NOUVEUES RECHERCHES SUR L'ORIGINE, LA NATURE ET LE TRAITEMENT DE LA MOLE VfclCULAIRE. 

™?.1/!^ 8 . acs8c hydatlc l ,lc » P ar Mme. Boivih, 8 vo. fig. Paris , 1827. 2 *. 6 </.> 

"ihS MS MALADIES DE L'UrtRUS ET DE SES ARHEXES, appuyd sur un grand 
nombre d observations chmques, par Mme. Boivin et A. Dug ns, 2 vols. 8 vo. M, y . 

*" ~ ut las tie A 1 planches folio, gravies et colorices, represent ant les princi- 

pals alterations morbides des organes genitadx de la femme , avec explication. £‘d. 

R nilft tutus pHs entemble ' 2 vols * 8vo * allaa folio, ib. 1833. £6 10*. 

RE CH1M1E, avec sea principalcs applications it la medecinc, par 
M. Bouchaiidat, 8 vo. Paris, 1835. 9 s. 

MENS DE MATIERE MEDICALS ET DE PHARMACIE, contenant la description botanique, 
ologiquc etclmnique, la preparation pharmaceutiquc, Tcmploi medical et les 
oses des medicaments simples et composes 5 avec des considerations £tendues sur 
1 art de formuler et {’indication detail tee des recettes contenues dans le Codex ct 
es principles pharmacop4es franyaises et etrang&res, par A. Boukchakdat, 8 vo. 

,/ig» fans, 1839- 7 *. 

MA Rn E .L?? MPlET ° U BACCAlAU *kT ES-SCIENCES PHYSIQUES ET MATHfMATIQUES, par MM. 
«..tn^ CH l RDAT ET A,Mfe > 1 vo1 - ISmo.fig. 1838. 6s. 

J, L'HOPITAL DE LA CHARITt, ou exposition statistique des diverges 

1 837 ^ la clinique dc cet hA P ital > par «*• Bouim aud, 3 v. 8 vo. ibid . 

TRAIT! CLINIQUE DES MALADIES DU CCEUR, pr6c6d6 de recberclies nouvellcs sur Tanatomie 
grali^r^r^m^ 1$*™’ *** ^ 1JotJILLAUD » 2 Yols - 8vo * flI;cc 8 Punches 

ES ® JL ., lA PNItOSOPHIE MtolCALE et sur les g4ndralitds de la clinique mldicale, 

precede d un resume philosophique des principaux progrfes de la mldecine et suivi 
d un paralieie des rdsultats de la formule des saign£es coup sur coup avec ceux de 
ancienne metbode dans le traitement des phlegiuasics aigues, par J. Bouillauo. 

oVO. 1 I8o7. /S« 

HYGIENE MORALE, ou application de la physiologic A la morale et A riducation, par F. 
J.Bkoussais, 8 vo. 5s. r 
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TRAITt PRATIQUE, thdorique et statistique sur le choldra-morbus de Paris, apptiyd shr 
tin grand nombre d’observations rccueillies k FhOpital de la Pitid, par J. Bouil- 
i.aud, 8vo. Paris, 1832. 6s. 6d. 

TRAITt CLINIQUE et experimental des fidvres ditcs essentieJles, par J. Bouillaud, 8vo. 
Paris , 1826. 7s. 

EXPOSITION RAISONNEE d’un cas de nouvelle et singuliure varidtd d’hermaphrodisme, 
observde chez l’hommc, par J. Bouillaud, 8vo. fig. Paris , 1833. Ia. 6 d. 

DE ^INTRODUCTION DE L f AIR DANS LES VEINES, rapport k l’Acaddmic royale de Mddccinc, 
par J. Bouillaud, 8vo. Paris, 1838. 2s. 

PRINCIPES DE PHYSIOLOGIE COMPAREE, ou histoire des phdnomknes de la vie dans tous les 
dtres qui en sont douds, depuis les plantes jusqu’aux animaux les plus complexes, 
par 1. Bourdon, 8vo. Paris, 1830. 7s. 6d . 

PRINCIPES DE PHYSIOLOGIE M&DICAIE, par I. Bourdon, 2 vole. 8vo. Paris, 1828. 12*. 

TBAITt DE PETITE CHIRUROIE, contenant Part des pansemens, les mddicamens topiques, 
les bandages, les vdsicatoires, les cauterisations, les operations simples, la sai- 
gnde, les incisions, les ponctions, la vaccination, le cathdtdrisme, la reduction des 
liernies, les plaies simples, les brfrlures, les ulc&res, les abeks, les hdmorrhngics, 
etc. etc. par M. Bourgery, 1 vol. 8vo. 6 a. 

TRAITE DE LA VACCINE et des Eruptions varioleuses ou varioliformes, ouvrage rddigd 
sur la demande du gouverncment, par J. B. Bousquet, 8vo. Paris, 1833. 6s. 

NOTICE SUR LE COWPOX, ou petite vdrole des vaches, ddcouvert k Fassy en 1836, par 
J. B. Bousquet, 4to. avec une grande planche . 2s. 6d. 

planche colorize. 4a. 

MEMOIRE sur la section du tendon d’Achille dans.le traitement des pieds-bots, par H. 

. Bouvier, 4 to. fig. Paris, 1838. 3 s. 6d. 

RECHERCNES EXPfRIMEHTALES sur les fonctions du systemc nerveux ganglionnaire et sur 
leur application k la pathologie, par M. Brace et, 2dme ddit. 1 v. 8vo. ib . 1837. 7s. 

TRAITt PRATIQUE DES CONVULSIONS DANS L'ENFANCE, par M. Bracuet, deux id me Edition, 
revue ct augmentde, 1 vol. 8vo. Paris, 1837. 7s. 

ETUDES ANATOMIQUES, physiologiques et patliologiques de Foeuf dans Fespdcc liumainc, 
et dans quelqucs-unes des principals families des animaux vertdbrds, par C. 
Breschet, 4 to. avec six planches, Paris, 1832. 16a. 

MtMOIRES CHIRURGICAUX Bur diffdrentes espdees d’andvrismes, par C. Breschet, 4 to. 
avec 6 planches folio, Paris, 1834. r 12 a 1 . 

RECHERCNES ANATOMIQUES ET PHYSIOLOGIQUES sur l’Organe de Tome et sur Faudition 
dans l’homme ct les animaux vertdbrds, par C. Breschet, 4to. avec 13 planches 
gravies, Paris , 1836. 16.?. 

sur l'organe de Fouie des poissons, par C. 

Breschet, 4to. avec 17 planches gravies, Paris, 1838. 12a. 

• sur l’organe de Fouic chez les oiscaux, par 

C. BRESCHET. 8vo. et atlas de 8 planches 4to. Paris , 1836. 7s. 

NOUVELLES RECHERCNES SUR LA STRUCTURE DE LA PEAU, par G. Breschet, 8vo. 3 
planches , Paris, 1835. 4a. 6 d. 

IE SYSTEME LYMPHATIQUE considdrd sous les rapports anatom ique, pliysiologique ct 
pathologique, par C. Breschet, 8vo. avec 4 planches. Paris, 1836. 6s. 

COURS DE PATHOLOGIE ET DE THERAPEUTIQUE GENERALES, professd it la Faculty de Mddccinc 
deParis, par F. J. Broussais, ouvrage complet, compose de 129 lemons, 5 vols. 
8VO. Paris, 1835. £2. 

sdpardment, les tomes 3, 4, 5. 3 vols. 8vo. £\ 3a. 

COURS DE PHRENOLDOIE, fait & la facultd de inddecine de Paris, par F. J. Broussais, 

1 vol. Qvo.Jig. Paris, 1836. 9a. 

TRAITf DE PHYSIOLOGIE appliqude k la pathologie, par F. J. Broussais, 2 vols. 8vo. 
deuxi&me Edition, Paris, 1834. 13a. 

EXAMEN DES DOCTRINES MEDICALES et des systdmes de nosologie, prdeedd de propositions 
renfermant la substance de la inddecine pbysiologique, par F. J. Broussais, 
troisikme Edition, 4 vols. 8vo. ibid, 1829 — 34. £l 4a. 

O0MMENTAIRES DES PROPOSITIONS DE PATHOLOGIE consignees dans FExamen des doc- 
trines mddicales, par F. J. Broussais, 2 vols, 8vo. Paris, 1829. 13a. 
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NlMOffiES SUR U PHILOSUPHIE DE U MCDECINE, et sur l'infltipnce que les t ramus des 
mddecins physiologistes ont exercee sur i'dtat do la mddecine on France, par F. J. 
Broussais, 8 vo, Paris , 1832. 1*. 6d. 

ANNALES DE LA MEDECINE PHYSIOLOGIQUE, journal publid par M. Broussais, collection 
complete, formant 26 vols. 8vo. Paris, 1822-34. £8. 

- — sdpardment, chaque annee. £\ 7s, 

NOTICE HISTORIQUE sur la vie, les travaux, les opinions mddicalcs ct pliilosophiqucs, 
dc F. J. V. Broussais, prdcdddc dc sa profession de foi, ct suivic dcs discours 
prononces sur sa tonibe, par lc doctcur IT. de Montegre, 8vo. avee un beau por- 
trait grav 4, Paris , 1839. 2s, 6d. 

ATLAS HISTORIQUE ET BIBLIOBRAPHIQUE DE LA MEDECINE, ou liistoirc dc la mtdccinc, com- 
posdc de tableaux sur l'bistoirc de Fanatomie, dc la physiologic, de FhygiAne, de 
la mddecine, de la chirurgie, de l’obstdtrique, de la matifere medicate, de la pliar- 
tnacie, de la mddecine ldgale, de la police m&licale ct dc la bibliographic, avee unc 
introduction, etc. par F. J. Broussais, folio, Paris, 1834. 8 s. 

TRAITE DE PHYSIOLOOIE consid^r^e commc science d*obscrvation, avee des additions 
par MM. les professcurs Baer, Meyer, J. Muller, Kathke, Siebold, Valentin, Wa- 
gner, par F. Burdacii ; traduit de l’alleinand par A. J. L. Jourdan, 8 vols. 8vo. 
Jig. Paris, 1837-39. Prix dc chaque. 7s. 

RAPPORTS OU PHYSIQUE ET DU MORAL DE L’HOMME, par M. Cabanis, priced* d'une table 
analytique, par M. Destutt de Tracy, ct .suivi d*une table alpbabctiquc ; nouvelle 
edition, 3 vols. 12mo. Paris , 1824. 8 s. 

FORMULATRE MAGISTRAL et memorial phannaccufique, scpti&me Edition, augmentde par 
F. Cadet Gassicouiit, 18mo. Paris ; 1833. 5.f. 

DE LA PARALYSIE considerec chez les ali£n£s, rcchcrches faites dans lc service ct sous 
les yeux de MM. Royer-Collard et Esquirou, par J. F. Calmeil, 8vo. ibid, 
1826. 6s. Gd. 

TRAITE ElEMENTAIRE D'ANATOMIE COMPAREE, suivi de rcchcrches cFanatomie philosophise 
ou transcendante sur les parties primaires du systbmp nerveux et du squelette in- 
tericur et extdricur, par C. C. Carus ; traduit de l’allemand snr la deuxi&me Edi- 
tion, ct precede d’une esquissc liistorique et bibliographique de Fanatomie compa- 
re, par A, J. L. Jourdan, 3 vols. 8vo. accompagnes <Vun bcl atlas dc 31 planches 
4 to. gravies, Paris, 1835. £\ 1 4s, 

REFLEXIONS ET OBSERVATIONS analcmico-cliirur£icAlcs sur Fan^vrisme spontunfe en ge- 
neral, ct en particulicr sur celui delartere (^morale, par J. L. CasamaYor, 8vo. 
ibid. 1825. 6s. 

4RAITE DE LA MEDECiNE en vm livres; traduction nouvelle de MM. Fouquier ct 
Ratier, 18nio. ibid , 1824. 4.v. Gd, 

DE RE MEDICA LIBRI OCTO, editio nova, curantibus P. Fouquier et F. Ratier. 18mo 
papier fin, Parisiis, 1823. 4s, Gd. 

papier v if tin. 8x. 

PLANCHES ANATOMIQUES «\ Fusage des jeunes gens qui se destinent A Fetudc de la clii- 
rurgie, de la inddecinc, de la peinture et de la sculpture, avee des notes et des ex- 
plications suivant la nomenclature methodique de Fanatoinie et des tftbles synopti- 
ques; par M. Ciiaussiek, troisifeme edition, 4 to. avee 20 planches, i b. 1833. 12,v„ 

MEDECINE LEGALEi recueil dc mdmoires, consultations et rapports contenant ; 1° la ma- 
nure de proc^der A Fouverture dcs corps et splcialeracnt dans les cas de visites 
judiciaires ; 2° plusieurs rapports- judicial res, suivis d’observations et remarques 
sur les omissions, les erreurs, les negligences, les obscurites, les vices de redac- 
tion ou de raisonnement qui s’y* reocontrent ; 3° des rapports sur plusieurs cas 

v d’empoisonneraent ; 4° des considerations medico-iegalcs sur l*ea£hymose, 1 a su- 

~gillation, la contusion, la meurtrissure, les blcssures, etc. par M. ChAussier, 
1 vol. 8vo. 6 planches, ibid , 1838. 6s. 

EXPOSITION SOMMAIRE de la structure et des differentes parties de Fcnccphalc ou cer- 
veau, par M. Chaussier, 1 vol. 8vo. 6 planches , ibid, 1807, 6s. 

TRAITt DE CHIRURGIE, par M. Chelius, traduit de Fallemand, par Pignd, 2 vols. 8vo. 
Paris , 1839. 16.*. 
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ESSAI SUE LA DISSOLUTION DE LA BRAVELLE et des calculs de la vessie, par M. Chjsval- 
LlERy 8 vo. P flrW| 1837 « 3^* 6rf« 

LECONS DE CLINIQUE MEDICALS, faites h l'Hdtel Dieu de Paris, par M. Chomei, re- 
cueillies et publidos sous ses yeux, par Genest et Requin, 2 v. 8vo. ib. 1834 — 37. 14« 

TRAIT* DES MALADIES DES VQIES URINAIRESj par M. Chopart, nouvelle Edition, revue, 
corrigde, augmcntde de notes et d’un mdmoire sur les pierres de la Yessie et sur la 
lithotomie. par F. Pascal, 2 vols. 8vo. Paris , 1830. 12*. * 

DE LA LITHOTRITIEf ou broiement de la pierre dans la vessie, par le docteur Civiale. 
8vo. avec 7 planches , ibid, 1827. 7s, 

LETTRES SUR LA LITHOTRITIE, ou broiement de la pierre dans la vessie, pour servir de 
suite et de complement h Fouvrage precedent, par M. Civiale, 4 parts 8vo. 11*. 

PARALLELE DES DIVERS MOYENS DE TRAITER LES CALCULEUX, contenaut Pexamen compara- 
tif de la lithotritie et de la cystotomie, sous le rapport de leurs divers procddds, 
de leurs modes duplication, de leurs avantages ou inconvdnients respectifs, par 
M. Civiale, 8vo. Paris, 1836. 8*. 

CLINIQUE MEDICO-CHIRURQICALE des lidpitaux de Lyon, par MM. Bottex, Bracbet, Dela- 
prade, Dupasquier, Faivre, Fouilhoux, Gensoul, Imbert, Martin, Montfalcon, Pas- 
quier, Pointe, Polini&rc, Richard de Nancy, 3 vols. 8vo. Paris , 1835. 18s. 

ANATOMIE DE L’HOMME, ou description et figures lithographides de ton tea les parties du 
corps humain, par J. Cloquet, ouvrage complet, public en 52 livraisons, for- 
mant 5 vols. folio, contcnant 300 planches , Paris , 1821-31. j£?24 16*. 

on pent se procurer sdpardinent les dcrni&res livraisons, prix de 

chaque. 9*. 

TMITt COMPLET DE L’ANATOMIE DE L’KOMME, compart dans scs points les plus itnpor- 
tants L celles des animaus, et considdr^e sous *le double rapport de r Histologic et 
de la Morphologic, par Ii. Cloouet, 1 vol. 4to. 400 fig. £2. 

DE L’OPtRATION MEDICALE du rccrutemcnt et des inspections gdndrales (ouvrage renferr 
mant toutes les questions d’aptitude et d’incapacitd pour lc service tnilitairc), par 
M. Coc me, 1 vol. 8vo. ibid, 1829. 6s. 

DES DIVERSES METHODES ^EXPOSITION DE LA POITRINE et de leur application an diagnos- 
tic de ses maladies, par V. Collin, 2feme Edition, augmcntde, 8vo. ib. 1831. 2*. 6d. 

TRAIT* *L*MENTAIRE DE PHARMACOLOBIE, par P. L. Cottereau, 1 vol. Svo. ib. 1836. 9*. 

MANUEL DE MEDECINE PRATIQUE, basd sur rexpdrience et suivi de deux tableaux synopti- 
ques des empoison neinents, par M. Coster, 1 vol. 18mo. ibid, 1837. 3*. 6 d. 

ANATOMIE PATHQL08IQUE DU CORPS KUMAIN/ ou description, avec figures lithograph ides 
et colorides, des diverscs alterations morbides dont le corps humain est suscepti- 
ble, par J. Cruveilhier. Cebel ouvrage sera publid en 40 livraisons, chacune 
contiendra 5K6 feuilles de texte folio, grand-raisin vdlin, avec 5 planches colo- 
rides avec le plus grand soin, et 6 planches lorsqu*il n’y aura qu'une partie de co- 
loride. Les dessins et la lithographie sont confids A M. A. Chazal. Les livraisons 
ae suivront de six semaines en six semaines. Prix de chaque livraison. 11*. 

Lea livraisons 1 & 33 sont en vente. 

DES DEVOIRS ET DE LA MORALlrf DO MEDECIN, discours prononcl k la faculty de tnlde- 
cine de Paris, par J. Cruveilhier. 8vo. ibid, 1837. 1*. 

RAPPORT HISTORIQUE SUR LES PROBRES DES SCIENCES NATURELLES depuis 1789, et sur leur 
dtat actuel, prdsentd au gouvernement en 1808 par Flnstitut, rddigd par le Baron 

. Cuvier, nouvelle ddition, 8vo. ibid, 1827. 6s. 6d, 

RECNERCHES PRATIQUES sur les maladies dc Toreille et sur le ddveloppement de l'ouie 
et de la parole chez les sourds-muets ; par M. Deleau, Ire partie, maladies de 
Poreille moyenne, 1 vol. 8vo. fig. ibid, 1838, 8*. 

(EUVRES CHIRURBICALES, ou exposd de la doctrine et de la pratique de P, J. Desault, 
par X. Bichat, troisi&me ddition, 3 vols. 8vo. avec 15 planches, ibid, 1830. 1$#. . 
TRAITS HISTORIQUE ET D08MATIQUE DE LA TAILLE, par F. Deschamps, avec un supple- 
ment dans lequel Phistoire de la taille est continude, depuis la fin du sidcle dernier 
jusqu*& ce jour, par L. J. Begin, 4 vols. 8vo .Jig, ibid, 1826. £l. 

DISSERTATION SUR LES AFFECTIONS LOCALES OES NERFS, enricliiede nombreuses observa- 
tions, par P. J. Descot, travail fait sous la direction de M. Bdclard, et ornd (Tun 
fac-simile de son dcriturc, 1 vol. 8vo. 6*. 
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ICONOfiRAPNIE DU REQNE ANIMAL DE D. CUVIER, on representation d’aprfes nature de Pune 
des espfeces les plus remarqu&bles, et souvent non encore figurde, de chaque genre 
d'animaux ; pouvant servir d*atlas & tous les trails de zoologie, par E. Guerin 
7 rols. 8 vo. Paris, 1830—38. # 

Ce bel ouvrage est comp let. 11 a public en 45 lhfralaons, chacunede 10 planches 

gravies. Prix de chaque livraison, 8vo. g Ss 

Le mfme, 8vo. figures color. ]A Sa 

Le mime, 4to. figures color. 1 * 1 . 

L’ouvrage complet est compost de 450 planches, acre un teste explicit t if your cha- 
cune des divisions qui se veuaent sgparlment, 8vo. savolr : 

pi. fig. li. fig. col. 

lo. Mammlfferes, avec le portrait de G. Cuvier. 53 11. 12s. 41. 

2o. Oiseaux ,. 70 21. 2s. 41. 5s. 

So. Reptiles. SO lbs. 21. 5s. 

4o. Poissons . 70 21. 2s. 51. 5s. 

fto. Mollusques et zoophytes. • . .63 11. lbs. 41. 15*. 

6o, Annuities, crustac^s et arachnides. . .53 11. 12s. 41. 

7o. Insectes, avec le portrait de Latrellle. .111 31.6s. 81. 5s. 

Dans le dernier rapport quel e baron Cuvier a fait h l* Academic royale des Sciences, 
Touvrnge de M. Guerin est signaltf comme Cun des plus utiles que Con ait con^us en 
faveur des personnes qui veulent se fumiliariser nvec les innambrables formes do la 
nature vivante qui composent le rigne animat. L’Ulustre rapporteur ajoutii qtCun 
grand nornbre fCespl-ces nouvelles out t'ti 1 reprvsentees pur M. Guerin ; que lui-mvinc 
a lubijiv une grande pur tie des figures de l* Iconographie , et qu*it les a truuvees toutes 
uussi exact es qu'cldgantes. 


HISTOIRE MEDICALE DE L’ARMEE D’ORIENT, par 1c Baron Desgenettes, deuxi&me Edition 
auguientdc de notes, 8vo. ibid, 1830. 6*. 1 

HISTOIRE NATURELLE ET MEDICALE DES SANGSUES, contcnant la description anatomique des 
orgaues de la sangsue officinale, avee des considerations physiologiques sur ses 
organes, des notions trds dtenduas sur la conservation donicstique de ce ver, sa 
reproduction, ses maladies, son application, etc. par J. L. Desiuieims, 8vo. auec 
6 planches , ibid, 1825. 3r. (id, 

TRAITt tUMENTAIRE DE CHIMIE ET DE PHYSIQUE, par M. Desroches, 1 vol. 8vo. accc 
15 planches gravers, ibid , 1831. 8.v. 

TRAITt PRATIQUE DES MALADIES VENERIENNES, comprcnant l’examcn des theories et des 
mdthodes de traitement qui ont dtd adoptees dans ces maladies, et principalcinent 
la mdthode thdrapeutique employee k l'liApital militaire d’instruction du Val-de- 
GrAce, par H. M. J. Desruellks, 8vo. ibid, 1836. 8r. 

TRAITt THEORIQUE ET PRATIQUE DU CROUP, prdcddd de reflexions stir l’orgamsation des 
enfants, par H. M. J. Desruelles, dpuxi&me Edition, enti&rement refondue 
1 vol. 8vo. ibid, 1824. 5s. 6 d. 9 

TRAIT! DE LA COQUELUCHE, par H. M. J. Desruelles, 8vo. ibid, 1827. 5s. Gd. 

MEDECINE LEGALE THEORIQUE ET PRATIQUE, par A. Devergie, avec l'intcrprdtalion des 
lois relatives ala medecine ldgale, par M. Dchaussy, Conseilier a la Cour dc Cas- 
sation, deuxidme Edition augmentde, 3 vols. 8vo. ibid, 1839. £\ Is. 

DICTIOHNAIRE DE MEDECINE ET DE CHIRUR8IE PRATIQUES, par MM. Andral, Bdgin, Blandin, 
Bouillaud, Bouvier, Cruveilhier, Cullerier, Dcslandes, Devergie, Dugds, Dupuytrcn, 
Foville, Guibourt, Jolly, Lallemand, Londe, Magendie, Martin Solon, Katier, 
Kayer, Roche, Sanson, ouvrage complet, 15 v. 8vo. Prix dc chaque, ib. 1830—36. 7** 

DICTjONNAIRE UNIVERSELLE DE MATIERE MEDICALE otde thdrapeutique geudralc, contenani 
1 indication, la description et Pemploi de tous les mddicamens connus dans lea 
di verses parties du globe, par F. V. Merat et A. J. Delens, ouvrage complet, 
6 vols. 8 vo. ibid, 1829—34. £2 12 s. 8 P * 


DICTIOHNAIRE (NOUVEAU) DES TERMES DE MEDECINE, chirurgie, pliarmacie, physique, clii- 
histoire naturelle, art vdtdrinaire, etc., oO 1’on trouve Pdtyinologie de tous les 
tennes usitds dans ^es sciences, et Phistoire concise de chacune des matifercs qui 
y ont rapport, par MM. B6clard, Ciiomel, H. et J. Cloquet et Orfila, 2 vols. 
8vo. augments d un supplement, publid par les mdme$ auteurs, ibid , 1833. £ 1 . 

DICnOHRAIRE DE I’lMDUSTRIE MANUFACTURIERE, commercial, et agricolc, ouvrage accnm- 
pagn£ d un grand nombre de figures intercalldes dans lc texte ; par nne socidtd de 
savans et d Industrie!* } MM. Blanuui aind, Colladon, Coriolis, d’AacBT. 
Paulin DAsormeaux, Despretz, H. Gaultier de Claubry, Gourlier, T. 
Olivier, Parent-Duciiatelet, Soulange-Bodin, A. Trebuchet. Cet ou- 
vrage sera publid en 10 vols. 8vo. 11 paralt uu volume tous les quatre mois. Huit 
volumes sont publics. Prix de chaque. 8?. 
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DICTIOmmt BE KtBECIKE, de chirurgie et d'hygtene vdtdrlmtires f outrage utile aox 
vltlrinaireB, aux officiers de cavalcrie, aux propri&afres, aux cultivateurs et A 
toute 8 les personnes charades du soin et du gouvernement dcs anlmaux domes ti- 
ques, par Hurtrbl (1'Arboval, deuxibme Edition entidrement refondue, 6 vols. 
8vo . ibid, 1838 — 39. Prix de chaq «e. 8s. 

ANATOMIC CHIRUR61CALE DCS PRINCIPAUX ANIMAUX DOMCSTIQUCS , ou recueil de 30 planches 
repr&scntant : 1° i’anatomie ties regions du cbeva), du bceuf, du raouton, etc. sur 
lesquelles on pratique les operations les plus graves ; 2° les divers dtats des dents 
du cheva), du bceuf, du mouton, du cliien, indiquant l’&ge de ces anlmaux ; 3° les 
instruments de chirurgie vdtdrinaire; 4° un texte cxplicatif; par U. Leblanc et 
A. Trousseau. Atlas pour servir de suite ct de complement au Dictionnaire de 
m£decine et de chirurgie v6tdrinaires ; par M. Hurtrel d’ARfcovAL, grand folio 
compost de 30 planches gravdes et colorizes avec soin, ibid, 1828. £2 2s. 

EXPOSITION DE LA N0UVEU.E DOCTRINE SDR LA MALADIE VEnERIENNE, par A. Dubled, 

8 vo. ibid, 1829. 2 s. 6d. 

HISTOIRE PHIL080PHIQUE DE L’HYPOCONDRIE ET DE L’HYSTERIE, par F. Dubois, 8ro. 7s. 6d. 

TRAITE DE PATNOLOOIE OENERALE, par F. Dubois, 2 vols. 8ro. ibid, 1837. 14*. 

TRAITE DES RETENTIONS D'URINE causes par le r&rdcissement de l’urfctre et des moyens 
a l'aide desquels on peut d£lruire compl&temcnt les obstructions de cc canal, par 
T. Du camp, troisieme Edition, 8vo. fig. ibid , 1829. 5.v. 

RECHERCHES ANATOMISES ET PHYSIOLOOIQUES SUR LES HEMIPTERES, .ccompagnte de con- 
sidlrations relatives k l’histoire naturelle et & la classification de ces insectes, par 
L. Du four, 4to. avee 19 planches gravdes, ibid , 1833. £1 5s. 

MEMOIRE SUR LA OONEORMITE OROANIQUE DANS L’ECMELLE ANIMALE, par A. Duofes, 4 to. 
avec 6 planches , ibid, 1832. 6s. 

RECHERCHES SUR I’OSTtOLOGlE et la myologie des Batracicns h leurs diffi'* rents Ages, par 
A. DUGES, 4to. aver 20 planches gravdes , ibid, 1834. 16#. 

TRAIlt DES MALADIES DE LA MATRICE, par M. Duparcuue, 2 vols. 8vo. ibid. 1839. 14*. 

MEMOIRE SUR UNE MANIERE NOUVELLE DE PRATIQUER L’OPERATION DE LA PIERRE, par M. 
Dupuytren, termini et public par L. J. Sanson et L . J. Begin, nccompagnd de 
10 belles planches lithographies par Jacob, et repr^sentant Tanatomie chirurgie ale 
des diverses regions interess4es dans cette operation. 1 v. grand folio, ib. 1836. £l. 

SUR LES fTRAHGLEMENTS DES HERNIES par le collet de sac, par M. Dupuytren. ibid. 
1832. Is. Gd. i . 

LECONS QRALES DE CLINIQUE CHIRURGICALE, faites A l’Hfttel-Dieu de Paris, par M. Du- 
puytren, recueillies ct publics par MM. Bribrc de Boismont et Marx, seconde 
Edition, entitlement refondue, 6 vols. 8vo. ibid, 1839. ^1 16 s. 

MEMOIRES POUR SERVIR A L’HISTOIRE ANATOMIQUE et phyaiologique des v^unx et des 
animaux, par H. Dutrochet, 2 v. 8vo. avec atlas de 30 planches, ib. 1837. £1 4s. 

RECHERCHES ANATOMIQUES et physiologiques sur la structure intime des animaiix et des 
vdg£taux, et sur leur motilitd, par H. Dutrochet, 8vo. avec deux planches, ibid. 

% 1824. As. 

TRAITf PRATIQUE DU PIED-BOT, par M. V. Duval, 8vo. avec un grand nombre de figures 
inter ca tides dans le texte, ibid, 1809. 7 s. 

TRAIlt DES AVADTADES DE L’EQUITATION, considArde dans ses rapports avec la mAdecine, 
par M. Fitz-Patrick, 8vo. ibid, 1838. 3#. 

COURS SUR LA OENERATIUN, l’orologie et l*etnbryologie, fait au Museum d’Histoire 
Naturelle, 4to. fig. ibid, 1836. 10#. 

HISTOIRE de quelques doctrines mldicales compardes A celle du docteur Broussais/ sui- 
▼ie de considerations sur les dtudes mddicales consid6r£es com me science et com me 
art, et d*un M4moire sur la th£rapeutique, par. M. Fodera, 8vo. ibid, 1821. 3#. 6d. 

RECHERCHES EXP^RIMENTALES sur Tabsorption et l'exhalation* par M. Fodera, 8vo. avec 
unc planche color ice, ibid, 1624. *2s. Gd. 

DISGOURS SUR LA BIQLOQlEj ou science de la vie, suivi d'un tableau des connaissances 
naturelle*, d’aprfes leur nature et leur filiation, par M. Fodera, 8vo. ib. 1826. 2 s. Gd. 

DE ^INFLUENCE DES CLIMATS SUR L'HOMME, par P. Foissac, 8vo. ibid, 183 7. 6s. 

DE LA GYMNASTIQUE des anciens compare avec celle des raodernea sous le rapport de 
l’liygifene, par P. Foissac, 8vo. ibid, 1838. 2s. 
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MtDEGINE NAVALE, on nouvcanx dldments d’hygikne, dc psthologie et de thdrapeutique 
niddico-chirtirgicale, A l'usage dcs officiers de santd de 1 a marine de Fdtat et du 
commerce, par M. Forget, 2 vols. 8vo. Paris , 1832. 14.9. 

MALADIES NERVEUSES DES AUTEURS, rapportdes A Tirritatton de l'encdpHale, dcs nerfs- 
cdrcbro-rachidiens et splancltniques, avec ou sans inflammation, par M. Fourcade- 
Trunet, 8 vo. ibid* 1826. 6s. 

COURS DE PHARMACOLOGIE, on traitd eldmentaire d’hlstoire naturelle mddicale, de plinr- 
inncie, ct de la tlidrnpeutiquc dc cheque maladie cn particulier, suivi de Fart dc 
forinuler en latin et cn fran^ais, par F. Foy, 2 vols. 8vo. ibid , 1831. 1 6s. 

MANUEL DE PHARMACiE thdorique ct pratique, contenant la rdcolte, la dcssiccntion, 
Tcxtraction, la conservation ct la preparation dc toutes les substances mddicamen- 
teuses, suivi d*un abrdgd dc Tart de formuler et d'un tableau synoptique de la syno- 
nimie chimiquc ct pharmaceutique, par F. Foy, 1 vol. 18mo. avec fig. ibid , 1838. 
3.v. Cut. 

NOUVEAU FORMULAIRE DES PRATiCiENS, contenant les formules dcs liOpitaux civils el 
inilitaires de Paris, de la France, de Fltnlie, de l’Allemagnc, de la Russie, de 
l’Anglctcrrc, etc., suivies des secours k donner aux empoisonnds et aux asphyxids, 
et preeddd d’un memorial thdrapeutique, par F. Foy, dcuxiktne Edition, considd- 
rablcnient augmentee, 1 vol. 18tno. ibid , 1837. 3s. 6d. 

SUR LES FUNCTIONS DU GERVEAU et sur cclles dc cliacunc dc ses parties, avec des obser- 
vations sur la possibility de reconnaitre les instincts, les penchants, les talents, 
ou les dispositions morales ct intellcctmdles des liommcs et des animaux, par la 
con figuration de leur cervcau et de lcur tdte, par F. Gall, 6 vols. 8vo. ibid , 1825. 
£2 2s. 

TRAITE DES PLAIES DE TETE ET DE L'ENCEPNAUTE, principalement de celle qui leur est 
consecutive, ouvrage dans lcqucl sont discutdes plusieurs questions relatives aux 
fonctions du systkme nerveux en gdndral, par J. Gama, deuxiemc edition, 8vo. ib. 
1835. 

ABREGE DE L’HISTOIRE DE LA MEDECIME, consiridrdc comrac science et cominc art dans 
ses progres ct son cxercice, depuis son origine jusqu'au xix c sitcle, par M. GastP., 
8vo. ibid, 1835. 7s. 

RECHERCHES sur les analogies et les differences qui existent entre le typhus et la fikvre 
tvphoidc, dans l*dtut actuel de la science, par M. Gaultier de Claubry, 4to. ib. 
1838. G.y. 

HISTOIRE ANATOMIQUE DES INFLAMMATIONS, par M. Gkndrin, 2 vols. 8vo. ibid, 1826. 16.9. 

TRAITE PHILOSOPHIQUE DE MEDECINE PRATIQUE, par M. Genprin, 2 v. 8vo. ibid, 1839. 14s. 

HISTOIRE 6ENERALE et particulifcre dcs anomalies de Torganisation chex l’homme et les 
animaux, ouvrage comprcnant des recbcrches sur les caractkres, la classification 
l’influence physiologiquc et pathologique, les rapports gdndraux, les loi* ct causes 
des Monstruositds, des varidtds et vices de conformation ou Traitd de Tdratologic, 
par I. Geoffroy-Saint Hilaire, 3 vols. 8vo. et atlas de 20 planches, ibid, 1832 
—36. £1 7s. 

sdpardment les tomes 2 et 3. 16s. 

PHILOSOPHIE ANATOMIQUE, par 1. Geoffroy-Saint Hilaire, 2 vols. 8vo. avec 2 atlas 
4 to. ibid , 1818—23. £l 2s. 

DE LA PHYSIOLQGIE DU SYSTEME NERVEUX, et spdcinlement du ccrveau, reclierchcs sur 
les maladies nerveuscs cn gdndral, ct cn particulier sur le sidge, la nature ct le 
traitement de l’hystdrie, de l’hypocondrie, de l’dpilepsie et de l'asthme convulsK, 
2 vols. 8vo. ibid, 1821. 12s. 

DISCUSSION M£DIC0-L£GALE SUR LA FOLIE ou alidnation mentale, suivie de Texamen du 
procks criminel d’Henriette Cornier, et do plusieurs autres p rocks dans lesqucls 
cette tnaladie a dt d alldgude commc moyen de ddfense, par E. Georget, 8vo. 
ibid, 1826. 3.9. 6d. 

DE I’tDOCATION DES SOURDS-MUETS DE HAISSANCE, par M. Gkrahoo, 2 vols. 8vo. ibid, 
1827. 16r. 

MANUEL PRATIQUE DES MALADIES VftgRIENNES, par M. Gibbrt, 18mo. ibid, 1837. fo. 

TRAITt PRATIQUE DES MALADIES SPlCIALES DE LA PEAU, par M. Gibert, deuxidme <Sdi- 
tion, Bvo. ibid, 1839. 6s. 

MANUEL PRATIQUE DES MALADIES VEnIRIEHNES dcs hommes, des feinmes ct des enfants, 
suivi d’une pharmacopde syx>hilitique, par M. Goddk, 18mo. ibid, 1834. 3s. 
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MONOGRAPHIE DES DETUNES ET GENRES VOISINS, formant, dau» fos families de JUtrejUe, 

. In division des scarabdes mdlilophiles, par H. Gory ct A. Perc heron# Gc bel 
ouvrage eat complct, il a 4t4 public cn 15 livraisons, formant 1 vol. 8vo. accoin- 
pagnd de 77 planches colorides, Paris, 1832 — .36. £4 10*. 

EXPOSITION DES PRINCIPES DE LA NQUVELLE DOCTRINE MEDICALE, avec un precis des theses 
soutenues sur des diffdrentes parties, par J. M. Goupil, 8vo. ibid, 1824. 85. 

NOUVEUE TOXICOLOBIE, ou trai.td des poisons et de Tempoisonnement sous les rapports 
de la chimie, dc la physiologic, de la pathologic et de la thdrapeutique, par M. 
GufeRIN db Mamers, 8vo. 6.5. 

IA DOCTRINE MEDICALE HOMCEOPATHIQUE, examinde dans ses rapports thdorique et prati- 
que, par M. Gueyrard, 8vb. ibid, 1834. 4s. 6d. 

CONSIDERATIONS PRATIQUES sur certaincs affections de rut4rus, en particulicr sur la 
phlegma'sie chroniquc avec engorgement du col de cet organe, et sur les avantagcs 
de Tapplication immddiate des sangsues m4thodiquemcnt employees dans cette 
inaladie, par J. N. Guibf.rt, 8 vo.Jig. ibid, 1826. 2s. 6d. 

MEMORIAL OU MEOECIN HOMffOPATHIQ'JE, ou repertoire alphaMtique de traitements et 
d'expdrienccs homoeopathiques pour servir de guide dans Tapplication de Thoinctfo- 
pathie au lit du maladc, par J. L. Haas ; trnduit de l’AHemand par A. J. L. Jour- 
dan, 1 vol. 24mo. ibid, 18.34. 3.». 

EXPOSITION DE LA DOCTRINE MEDICALE HOMIEOPATHIQUE, ou Organon de l'art de gndrir, 
par S. Hahnemann ; traduit de 1'Alleinand sur la cinquifeme Edition, par A. J. L. 
Jourdan, avcc divers opuscules de l f auteur et suivi de la traduction sur la cin- 
quietne Edition de la pharmacop4e homceopathique de Hartmann, seconde edition, 
avec le portrait de Hahnemann, 8vo. ibid , 1834. 85. 

DOCTRINE ET TRAITEMENT HOMOEOPATHIQUES DES MALADIES CHRONIQUES, par S. Hahnemann, 
traduit de TAllemand par A. J. L. Jourdan, 2 uols. 8vo. ibid, 1832. 155. 

trait! de matiere mEdicale pure, ou de Taction honiacopnthique des medicaments, 

par S. Hahnemann ; avec deB tables proportionnelles de l’influence que di verses 
circonstanccs exercent sur cette action, par C. Bonninghausen ; traduit de l'Allc* 
mnnd par A. J. L. Jourdan, 3 vols. 8vo. ibid, 1834. j£l 45. 

CNIRURQIE PRATIQUE, ou choix d’obscrvations cliniqucs recueillies k THdtel-Diqu de 
Paris, dans le service de M. Dupuytren, par J. Hatin, 8vo. ibid, 1832. 6s. 

PETIT TRAITE DE MEDECINE OPERATOR et recueil de formules A Tusagc des sages-femmes, 
deuxidme Edition augment4e, 18mo.,^f. ibid, 1837. 25. 6d. 

PRECIS DESCRIPTIF sur les instruments de chirurgie ancicns ct moderncs, contenant la 
description de cbaque instrument, le noru de ccux qui y ont apport4 des modihca- 
tions, ceux prdfdrds aujourd’bui par nos meilleurs praticiens, et Tindication des 
qualit4s que Ton doit rechcrclier dans chaquc instrument, par M. Henry, ] vol. 
8 vo. avec planches, ibid, 1825. 6s. 

MEDECINE lEDAlE RELATIVE AUX ALIEnES, aux sourds-muets, ou leg lois appliqudcs aux 
d4sordres de Tintelligence, par M. Hoffbauer; traduit de TAUetnand par M. 
Charobeyron, avcc des notes, par MM. Esquirol et Itard, 8vo. ibid, 1827. 6s. 6d. 

Etudes HISiORIQUES ET CRITIQUES sur la vie et la Doctrine d'Hippocrate et sur I'etat 
dela xn4decine avant lui, par M. Houdart, 8vo. ibid, 1836. Is. 6 d. 

LA MACROBIOTIQUE ou TArt de prolonger la vie de Thomme, suivi de Conseils sur l’E- 
ducation physique des Enfants, par C. C. Hufeland ; traduit de l’Allemand par 
A. J. L. Jourdan, deuxidme 4dition augment4e, 8vo. ibid, 1838. 7s. 

TRAITE DE LA MALADIE SCROFULEUSE, par C. C. Hufeland; traduit de TAllemand, nc- 
compagnd de notes, par J. B. Bousquet, suivi d’un m4moire sur les scrofules et dc 
quelques rdflexions sur le traitement du cancer, par M. le Baron Larrev, 8vo. ib. 
1821. 6s. 

TRAITE DE8 DIFFORMUES DU 8T8TEME OSSEUX, ou de l’emploi del moyens mdcaniques et 
gymnastiques dans le traitement de ces affections ; par F. Humbert, 4 vols. 8vo. 
atlas de 174 planches grand 4 to. ibid, 1838. £S 5s. 

ESSAi ET OBSERVATIONS sur la manidre de r4duire les luxations spontandes ou sympto- 
matiques de Tarticiilation ilio-f4morale ; m4thode applicable aux luxations an* 
ciennes par cause extcrne, 8vo. et atlas de 20 planches 4 to. ibid. 1835. 18«. 

TRAITE THEORIQUE et pratique des maladies du canal intestinal, par M. Jobekt, 2 vols. 
8 vo. ibid, 1829. 125. 

PLAIES D’ARMES A FEU, m4moire sur la caut4risation, et description du speculum A 
bascule, par M. Jobekt, 1 vol. 8vo. avec 2 Jig. ibid, 1833. 7s. 6d. 
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tTUDES SUR IE SYSTEME NERVEUX, par M. Jobert, 2 vols. 8Vo .fWr/, 1838. 12#. 

DES COLLECTIONS DE SANG ET DE PUS DANS L'ABDOMEN, par M. Jobert, 4to. ibid, 183 6, 

2#. 6r/. 

DICTIONNAIRE RAISONNE, dtymologique, synonymiqup et polyglotte des termes usites 
dans lcs sciences naturelles ; comprenant l'unatomie, Phistoire naturelle et la phy- 
siologic gdndrale ; l’astronomie, la botanique, la chimie, la gdographie physique, 
la gdologie, la inindralogie, la physique, la zoologie, etc. par A. J. L. Jourdan, 

2 vols. 8vo. k deux colonnes, ibid, 1834. 18#. 

SPECIES GENERAL ET ICONOGRAPHIE DES COQUILLES V IV ANTES, comprenant le Musde Mas- 
sdna, la collection Lamarck, celle du museum d*Histoire Naturelle, et les ddcou- 
vertes les plus rdeentes des voyageurs, par L. C. Ki&ner. L'ouvrage sc compo- 
sera d*environ 150 livraisons, publides de mois cn mdis. Les livraisons 1 k 47 
sont en vente, grand 8vo. papier raisin superfin satind , figures color ides. Prix dc 
cheque. Gj. 

■ ■ " ■■ grand 4 to. papier velin satind ’, figures color ides. 12#. 

TOPOGRAPHIE MEDICALE DE PARIS, ou cxainen gdndral des causes qui peuvent avoir unc 
influence marquee sur la santd des habitants de cette ville, le caraetcre dc leurs 
maladies et le clioix des precautions hygidniques qui leur sont applicables, par 
C. Lachaisjs, 8 vo. ibid, 1822. 5s. 6d. 

PRATIQUE DES ACCOUCHEMENS, ou mdmoires et observations cboisis sur les points les 
plus importants de Tart, par Mine. Lac ha pell e; publics par. A. Doges, 3 vols. 
8vo .ibid, 1825. £l. 

HISTOIRE NATURELLE DES ANIMAUX SANS VERTEBRES, prdsentant Us cnractfcres gdndraux 
et particulars de ces animaux, leur distribution, leurs classes, leurs families, leurs 
genres et la citation synonymiqifte des principales espdees qui s*y rapportent, par 
J. B. P. de Lamarck ; deuxi&me Edition, revue et augraentde des faits nouveaux 
dont la science s’est enrichie jusqu'skee jour, par M. G. P. Deshayes et H. Milne 
Edwards, 10 vols. 8vo. ibid, 1835. Prix de chaque. 8#. 

PNILOSOPHIE ZOOLOGiQUE, ou exposition dcs considerations relatives 5. Phistoire naturelle 
des animaux, k la diversity de leur organisation et des faculties qu*ils en obtiennent, 
aux causes physiques qui niaintiennent eh eux la vie et donnent lieu aux niouve- 
ments qu'ils exdcutent; enfin k celles qui produisent, lcs unes le sentiment, et les 
autres l'intelligence de ceux qui en sont douds, par J. B. P. de Lamarck, deux id me 
edition, 2 vols. 8vo. ibid, 1830. 12 s. 

SYSTEME ANALYTIQUE des connaissances positives de 1'homme restreintes k celle qui 
proviennent directement ou indirertement de Pobservation, par J. B. P. Lamarck, 
8vo. ibid, 1830. 6s. 

MEMOIRE SUR LES F0SS1LES DES ENVIRONS DE PARIS, comprenant la determination des 
espdees qui appartienneut aux Animaux marins sans vertbbres, et dont la plupart 
sont figurds dans la collection du musdum, par J. B. P. Lamarck, 4to. ibid. 10#. 

THEDRIE NOUVELLE DE LA PHTHIS1E PULMONAIRE, augmentde dc la mdthode preservative, 
par M. Lantiiois, deuxieme edition, 8vo. ibid, 1818. 6s. 

CLINIQUE CNIRUR6ICALE ex e rede particulifereuient dans les camps et les bOpitaux mill- 
taires, depuis 1792jusqu*ea 1836, par D. J. Larrey, 5 vols. 8vo. avec alias de + 
47 planches, ibid, 1830 — 36. £2. 

— sdpardmentle tome v, 8vo. atlas de 17 planches, ibid, 1830. 10#. 

HISTOIRE PHILOSOPHIQUE et mddicale des hemorrhagies, dc leurs causes csscntielles, im- 
mddiates ou procliaines, et des methodes de traitement qu’il convicnt d’employer 
dans cette classe de maladies, par D. Latouk, 2 vols. 8vo. ibid, 1828. 12#. 

FAMILLES NATURELLES DU RE6NE ANIMAL, exposdes succinctement et dans un ordre ana- 
lytique, avec Pindication de leurs genres, par M. Latreillk, 1 vol. 8vo. 9#. 

MEDECINF LEGALE, considerations sur l’infanticide, sur la manure de proedder u l’ou- 
verture des cadavres, spdcialement dans le cas de visites judiciaires, sur les dro- 
sions et perforations de l'estomac, IVcchymose, la suggillatioo, la contusion, la 
meurtrissure, par M. Lrcieox, etc. 8vo. ibid, 1819. 4#. 6rf. 

ELENEIS DE SEODRlkPHIE PHYSIQUE ET DE HETEOROIOBIE, ou r4sum« des notions acquises 
sur les grands phdnomdnes et les grandes lois de la nature, servant d'introduction 
A l*dtude de la gdologie, par H. Lecoq, 1 vol. 8vo. avec 4 planches gravdes. ibid, 
1836. 9#. 
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MlWEKS Wt fitfilWl IT VimAIRMIE, omdsumd des notions acquises sur les grapdes 
loia de la nature, faisant suite et servant de complement aux dldmems de gdogra- 
phie physique et m6t6r6ologie 9 par H. L/ECOQ, 2 voJs. 8vo. avec 8 planches, ibid, 
15s. 1838. 

DICTIONNAIRE raisonnd des termes de botanique et des families ifoturellcs, contenant 
l'dtymologie et la description ddtaillde de tous les organes, leur synonymic et la 
definition des adjectifs qui servent a les ddcrire; -suivi d’un vocabulaire des ternies 
grecs et latins les plus gdndralement employes dans la glossologie botanique, par 
H. Lecoq et J. Juillet, 1 vol. 8vo. ibid, 1831. 9j. 

QU'EST-CE QUE LA PHRtNOLODIE ? ou essai sur la signification et la valeur des syst&mes 
de psychologie en general, et de celui de Gall en particular, par F. L&lut, 8vo. ib. 
1836. 7 s. 

DE L'ORQANE PHRCNOLOGIQUE de la destruction chcz les animaux, ou examen de cettc 
question ; les animaux carnassiers ou fdroces ont-ils, A Fcndroit des tempes, le 
cerveau et par suite le crAne plus large proport ionellement A sa longueur que ne 
Font les animaux d’unc nature oppose**, par F. Lelut, 8vo.^. ibid, 1838. 2s. tid. 

DU DfMON DE SOCRATE, specimen d’une application de la science psychologique A celle 
de l'histoire, augmentd d’un mdmoire sur les hallucinations uu ddbufc de la folie, 
d’observations sur la folie sensoriale et de recherchcs des analogies de la folie et de 
la raison, par F. Lelut, 1 vol. 8va. ibid, 1836. 3s. 6d. 

GEOLOGIE DES DENS DU MONDE, par M. Leonhard, traduit de FAllemand sous les yeux 
de l'nuteur, par F. Grimblot et P. A. Toulouzan, 2 vols. 8vo. avec un grand nombre 
de figures. Le tome l est en vente, ibid, 1839. Prix de chaque vol. i)s. 

EXPOSE des diverses proeddds employe jusqu’A ce jour pour gudrir de la pierre sans 
avoir recours A l’opdration de la taille, par J. Leroy, d’Etiolles, 8vo. avec 
5 planches , ibid, 1825. 4 s. « 

HISTOIRE DE LA LITH0TRIT1E, prdcddde de rdfiexions sur la dissolution des calculs uri- 
naires, par J. Leroy, d’Etiolles, 8vo .fig. ibid , 1839. 3s. 6d. 

MEDECINE MATERNELLE, ou Fart d’dlever et de conserver les enfants, par A. Leroy, sc- 
conde ddition, 8vo. ibid, 1830. Gs. 

MANUEL POUR PANALYSE DES SUBSTANCES ORQANIQUES) yar G. Liebig ; traduit de l’Alle- 
mand par A. J. L. Jourdan, suivi de l'exaincn critique des proeddds et des rdsul- 
tats de l'analyse dldmentaire de corps organisds, par F. V. Raspail, 8vo .fig. ibid, 
1838. 3s. 6d. 

FLORA GALLICA, scu enumerntio plantarum in Gallia sponte nasccntium, secundum 
Linmeanum systema di gey ta ruin, additfi familiarum naturalium synopsi ; an c to re 
J. A. JLoiseleuk-Deslonchamph, editio secundu, aucta emend at a cum tabulis 
31, 2 vols. 8 vo. ibid, 1828. 16 j. 

NOUVEAUX ELEMENTS D’HYGIENE, par C. Londe, seconde ddition enti&rcment re fondue, 

2 vols. 8vo. ibid , 1838. 12jt. 

RECNERCJtES ANATOMIQUES, pathologiques et thdrapeutiques sur la maladic connuc sous 
les noma de gastro-entdrite, fi&vre putride, adynamique, ataxique, typhoxde, etc. 
considdrde dans scs rapports avec les autres affections aigues, par P. C. Louis, 
2e Edition, 2 vols. 8vo. ib. 1840. 1 3s. 

RECHERCNES ANATOMIQUES, pathologiques et thdrapeutiques sur la plithisie, par P. C. 
Louis, deuxifeme ddition, considdrablemcnt augmentde, 8vo. ibid, 1840. 8.v. 

MfMOIRES ou reclicrclies anatomico-pathologiqucs sur lc rnmollisseuient avec am in- 
cissenient et sur la destruction de la membrane muqueuse de l’esto.mac ; l‘hyper- 
trophie de la membrane musculaire du radme organe dans le cancer du pylore ; la 
perforation de l’intestin grdle ; le croup chez Fadultc ; la pdricardite ; la com- 
munication dea cavitts d roues avec les cavitds gauches du coeur j les ahsces de 
foie i l'dtat de la moelle dpini&re dans la carie vertdbrale ; les morts subites et iin- 
prdvues ; les morts lentes, prdvues et inexplicables ; le tenia et son traitement, par 
P. C. Louis, 8vo. ibid, 1826. 7s. 

EXAMEN de l'examen de M. Broussais, relativeinent A la plithisie et aux affections 
typhoTdes, par P. C. Louis, 8vo. ibid, 1834. 3 s. 6d. 

MfMOIRES, 1° sur l'emploi de Fiode dans les maladies scroftileuses ; 2° sur l’emploi 
des bains iodurds, suivi d’un tableau pour servir de 1 'administration de ces bains, 
euivant les Ages ; 3° troisidme mdmoire sur l’emploi de Fiode, suivi d’un precis 
de Part de formuler les prdparationsiodurdes, par M. Lugol,8vo. ib. 1829 — 31. 8*. 

■ — ■■■ On vend sdpardment le troisidme mdmoire, 8vo. ibid, 1831. 3s. 6d. 
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mrngfl Ws SUR llS EFFETS DE LA SAIGHEE dans quelque* majadif# 

Jp- Taction de Flmltlque et des v&icatoires dans la pneumome 5 cvq. tout, Ipjo, 


2 *. 6rf. % 

RECHERCHES SUR L’ANATOMIE et les metamorphoses de difflrentes cspfeces d msectes, par 
L. WEyonet j publics par M. W. Haan, 2 vofe. 4to. acccmpagnth de 54 plane Aes 
gr(ttees % ibid , 1832. £2. 

TRAITE PRATIQUE DES EMISSIONS SANGUINES, par A. J. J. Magistkl, 8vo.t’6.1838. 7s. 

TRAITE DES flEVRES ou irritations clrlbro-spinales iutermittentes, d’aprbs des obser- 
vations recueiUies en France, cn Corse et en Afrique, par F. C* Maillot, 8vo. ibid, 
1836. 6 *. €d. 


TRAITE D’ANATOMIE CHIRURGICALE et de chirurgie experimental*, par J. F. Malgaigne, 
2 vols. 8 vo. ibid, 1838. 14a. 

MANUEL DE MEDECINE OPERATOIRE, fondle sur l’anatomie norinale et l’anatomie patho- 
logique, par J. F. Malgaigne, troisibuic edition considlrablement a ug men tie, 
1 vol. 18ino. ibid, 1839. Of. 

TRAITE PRATIQUE DU MICROSCOPE et de son cmploi dans 1 ’ltude des corps organises, 
par le docteur L. Manul ; suivi de Recherche* sur /’ organisation dee animuux inj'u- 
soires, par C. G. Eijkemberg. 8vo. avec 14 planches, ibid, 1839. 8 s. 

ANATOMIE M1CR0SC0PIQUE, divisle en deux parties, Tissus et Organes, par le docteur 
L. Mandl. Cet ouvrage formcra 25 livraisons, publices par cahiers de 4 feuilles 
de textc et 2 planches folio. Frix dc cliaque livraison. 6a. 


(i livraisons sont «n vente. 


MEMOIRES SUR L’ORQANISATiON DES CIRRNIPEDES et sur leurs rapports naturels avec les 
animaux articulls, par C. J. Martin St. Ange, 4to. avec planches. 3a. Gd. 

ANATOMIE ANALYTIQUE, tableau representant l’axe clrlbro-spinui chez riiomuie, avec 
l’origine et les premieres division des nerfs qui en partent, folio. 4 s. Gd. 

ANATOMIE ANALYTIQUE, nerf grand sympathise, par M. Manec, folio, troisibinc Idi- 
tion, tbiil, 1836. 6#. Gd. 


• fig. colorizes. 13*. 


RECHERCHES anatomico-pathologiqucs sur la licrnie crurale, par M. Manec, 4to. 
fig. ibid, 1826. 2s. 6 d. 

MANUEL DE CLINIQUE MEDICALE, contenant la manibre d’observer en mldecinc ; les divers 
moyens dVxplorer les maladies dc la tbte, de la poitrine, de l’abdonien, etc. et de 
p roclder aux investigations cadavlriqties, avee une tnlthode d'analyse, appliqulc A 
i’ltude dc diagnostic, suivi d’un exposl des signes des maladies et d’un prlcis 
d'anatomie pathologiquc, par M. Martinet, troisibmc edition, revue, corriglc 
et nuginentlc, 1 vol. 18 mo. ibid, 1837. 4 r. Gd. 

TRAITE ElEMENTAIRE de therapeutique medicate, suivi d’un forinulaire, par M. Marti- 
net, 8vo. 8 s. 

BANDAGES ET APPAREILS A PANSEMENTS, ou nouveau systbme de dlligation cbirurgicalc ; 
contenant les moyens simples et facilcs de remplacer avec ^vantage les bandages et 
la charpic par le mouchoir et le coton $ des considerations sur les irrigations con- 
tinues, les brayers, la chirurgie populaire, les membres artificials, la rlsection 
partielle du pied, les amputations duns les fractures, le compas d'lpaisseur ; les 
fractures par ia planclictle ou l’hyponarthlrie sans obliger les malades de garder 
le lit; le traitement des gibbosites sans lits mecaniqucs ; l’extension des ex trim i- 
tls dans le cas d’ankylosc ; une nouvelle rn.inibre tie traiter les u Ice res, par M. 
Mayo.i ; troisibme Edition, angmcntle de mlmoires sur les bassins ct les pessnircs 
en fil de fer, les fractures dc la claviculc, la cure radirnli* des hernies et le cathe- 
tlrisme simple et force dans les rltrlcissemenls dc Furbtre, 1 vol. 8vo. et atlas 
4to. de 16 planches, ibid, 1838. 7s. 

MEMOIRS DE I’ACADEMIE royale de mEdecine, 7 vols. 4to. avec planches . Prix de chaque 
volume, ibid, 1838* £l. 


DU TANIA, ou ver solitaire, et de sacure radicale par l’lcorce de racine de grenadier, 
•prlcldl de la description de taenia et du botrioc&pliale ; avec l’indication des an- 
ciens tnutemen.ts employes contre ces vers, par F. Merat, 8vo. ibid, 1832. 3*. 

MANUEL DES EAUX MORALES DU MONT-D’OR, par F. V. Me rat, 18mo. ibid, 1838. U. Gd. 

DE U NATURE ET DU S1EUE DE LA PLUPART DES AFFECTIONS CONVULSIVES, coroateuses, 
mentales, tclles que l'hyst£rie, l'epilepsic, le t^tanos, l’bydrophobie, la catalepsie, 
l’apoplexie, l’hypocondrie, etc. par M. Mongellaz, 8 vo. ibid, 1822. 4 r. 


H. BAILLIERE, 219 , REGENT STREET, 



LIVRES SJCIENTIFIQUESS. 


20 

PRECIS DE BIBLIOQRAPHIE MEDICALEj contenant l'indication ct la classification des ou- 
vrages les meilleurs et les plus utiles, la description des livres de luxe et les Edi- 
tions rares, et des tables pour servir 4 Phistoire de la ntedecine, par J. B. Mon- 
falcon, 1 vol. 18 mo. papier vdlin, Paris , 1827. 6s. 6d. 

REFLEXIONS SUR LA TNEORIE PHYSIOLOQIQUE DES FIEVRES 1NTERMITTENTES et des maladies 
pEriodiques, par M. Mongellaz, 1 vol. 8vo. ibid, 1826. 3s, 6d. 

DE SEDIBUS ET CAUSIS MORBORUM PER ANATQMEN INDAGATIS, nova editio cum.notis Ade* 
Ion et Chaussier, par M. Morgagni, 8 vols. 8vo. ibid, 1820 — 22. £ 2 5s. 

DES FIEVRES TYPHOIDES ET DU TYPHUS, histoire et description de ces affections, analo- 
gies et differences qui existent entre elles, par J. H. Montault, 4to. ibid, 1828. 7s. 

NOUVEAU TRAITEMENT DES RETENTIONS D’URINE et des rEtrEcissements de Purfctre par le 
cathEtErisnie rectiligne ; suivi d’un mEmoire sur les dEcliirures de la vulve et du 
pErinEe, produites par l’accouchemcnt, par E. Moulin, 8vo. avec 10 pi. ib. 1834. As* 

TBAITE DE L’APOPLEXIE, ou Itemorrhagie cErEbrale ; considErations nouvelles sur les 
hydrocEphales ; description d'une hydropisie cErEbrale particuliEre aux vieillards, 
rEcemment observEe, par E. Moulin, 8vo. ibid, 1819. 3s. 6d. 

MEMOIRE SUR L’EMPOISONNEMEHT par l'acide arsenieux, par M. Orfila, 8vo. ibid, 
1839. U 6d. 

RELATION CHIRURBICALE DO SltOE DE LA CITADELLE O' ANVERS, par M. Paillard, 8vo. ib. 
1833. 3a. 

DE U PROSTITUTION DANS LA VILLE DE PARIS, considAr&s sous le rapport de l’hy ? i4ne 
publiquc, de la morale et de Tad ministration ; ouvrage appuyE de documents sta- 
tistiques puisEs dans lea archives de la prEfecture de police ; avec cartes et tableaux, 
par A. J. B. Parent-Duciiatelet, deuxi&me Edition revue, corrigEe et augmen* 
tec, avec un beau portrait de Pauteur, gravE, 2 vols. 8vo. ibid, 1837. 16*. 

HYGIENE PUBLIQUE, ou mEmoires sur les questions les plus importantes de Phygi&ne 
appliquEe aux professions et aux travaux d'utilitE puhlique, par A. J. B. Parent- 
Duciiatelet, 2 vols. 8vo. avec 18 planches , ibid, 1836. 16*. 

MEMOIRES SUR LES CAUSES DE LA PESTE et sur les moyens de la dEtruirc, par E. Pariset, 
18mo. ibid , 1837. 3s. 6d. 

ELOGE DE DUPUYTREN, par E. Pariset, 8vo. avec portrait, ib. 1830. Is. 6d. 

ELOGE DU BARON DESGENETTES, par E. Pariset, Syo. avec poi’trait. 2 s. 6d. 

TRAITE DES MALADIES DES ARTISANS et de celles qui rdsultent des diverses professions, 
d'aprfes Ramazzini ; ouvrage dans lequel on indique les precautions que doivent 
prendre, soub le rapport de la salubritd publique et particuli&re, les administra- 
teurs, manufacturiers, fabricants, che/s d’ateliers, artistes, et toutes les per- 
sonnes qui exerefent des professions insaiubres, par P. Patissier, 8 vo.ib. 1822. 7s. 

NOUVELLES RECHERCNES sur Paction tlternpeutique des eaux min£rales et sur leur mode 
duplication dans les maladies clironiques, par P. Patissier, 8vo. ibid, 1839. 2s. 

BIBLIOQRAPHIE ENTOMOLOGIQUE, comprenant Pindication par ordre alphabet! que des ma- 
tures et des noroi des auteurs : 1° des ouvrages entomologiques publics en France 
et k l'dtranger depuis les temps les plus recul£s jusqu’a nos jours ; 2° des mono- 
grapliies et mEmoires contenus dans les recueils, journaux et collections acad£- 
roiques franfais et Strangers, par M. Ferc heron, 2 vols. 8vo. ibid, 1837. 14*. 

AMPUTATIONS DANS LA CONTINUITt DES MEMBRES, par C. Philipps, avec 16 planches, re - 
present ant les articulations des membres , 8vo. ibid , 1838* 7s. 

PHYSI010GIE DE L’HOMME ALlENE, appliqu4e k l'analyse de Phomme social, par S. Pinel, 
8vo. ibid, 1833. 6s. 

DE LA PERCUSSION MtDIATE, et des signes obtenus k Paide de ce nouveau moyen d’ex- 
ploration, dans les maladies des organes thoraciques et abdominaux, par F. A. 
PlORRY, 8vo. avec 2 planches, ibid, 1828. 6s. 

DES HABITATIONS et de Pinfluence de leur disposition sur Phomme, en santd et en ma- 
ladie, suivi du plau d'un cours d’hygidne, par F. A. Piorrv, 8vo. ib. 1838. 3s. 6d. 

OBSERVATIONS sur la nature et le traitement de Phydropisie, par A. Portal, 2 vols. 
8vo. ibid, 1824. 11s. 

OBSERVATIONS sur la nature et le traitement de ltepilepsie, par A. Portal, 1 vol. 
8 vo. ibid, 1827. 8». 

RAPPORTS ET DISCUSSIONS it l*Acad£mie royale de M^decine* sur la Taille et la IAtho - 
thritie, suivis de lettres sur le uterne sujet, par MM. Delmas, Souberbielle, 
Rocnoux, Civiale, Velpeau, 8vo. ibid, 1835. 3s. 6d. 
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RAPPORTS ET INSTRUCTIONS de 1’AcadAmie royale dc MAdedne -dr Cholera-Morbus* 
sums des conseils aux administrateurs, aux medecins et mix citoyens, 8vo. ibid, 

1831—32. 4s. 

RAPPORTS ET DISCUSSIONS de TAcaddmie royale de MAdetine aur ]e Magnitisme Ani- 
ma/, recueillis et publics a/ec des notes explicati/es, par M. P* Foissac, 8/0. ibid, 
1837. 7s. 6d. 

THlORIE DE LA PHLODOSE, par M. Rasori, traduit dc l'itatien par Cirus Pirondi# 2 vol6. 

Svo. ibid, 1839. 129. 

NOUVEAU SYSTEME DE CHIMIE 0R6ANIQUE, fondA sur dc nou/elles mAthodea d’obser/ationj. 
prAcfdA dVn traite coiuplet sur Tart d’observer et de mnnipuler en grand et en 
petit dans le laboratoire et sur le porte-objet du microscope, par F. V. Raspail, 
dcuxifcme. Edition, enticement rcfonduc, accompagnee (Tun atlas 4tO. de 20 planches 
de figures dcssindrs d’aprds nature, gravies avec le plus grand sain, 2 vols. 8/0. et 
atlas 4to. ibid, 1838. £l 10.v. 

NOUVEAU SYSTEME DE PHYSIOLOGIE VEGITALE ET DE BOTANIQUE, fornlA sur les mAthodes 
d’observations dAveloppAs dsns lc nouveau systemic de cbimie organ ique, par F. 
V. Rap pa 1 1., accompagnA de 60 planches, coirtenant pr£s de 1090 figures d’analyae, 
des singes d'aprfcs nature ct graveci avec le plus grand soin, 2 toTs. 8/0. et atlas 
de 60 planches. j£ J l ]0.v. 

planrhes volorieex. £2 10 s. 

TRAITt PRATIQUE DES MALADIES VENERIENNES, oil reclicrcbes critiques et ex p Ari m entales 
sur ^inoculation appliquAc l’Atudc dc ces maladies, suivics d'nn rAsumA thAra- 
peutique et d'un formulaire special, par M. Ricord, 8 /o. ibid, 1838. 9s. 

MEMOIRE SUR LE CALCUL DES PROBABIUTtS applique il la mAdecine, hi H r Academic 
royale de mAriecinc, par M. Risuendo d’AMAiion, 8vo. ibid, '837. 2s. 6d m 

RECHERCHES ct considerations critiques sur lc magnAtisme animal, par M. Robert, 
8vo. ibid, 1824. 6s. • 

RECHERCHES sur Torganisation vertAbrale des crustacAs. des ar actinides et des innectes, 
p«r J. ii. Robineao-I>is 8 Voii>v, Svo. Jig. ibid , 1828. 6s. 6d. 

NOUVEAUX ELEMENTS DE PATHOLOGIE ?4£DlC0~CHtRURGICAlE, on traits thAoriquc ct pratique 
de mldccincct dc cliirurgie, par MM. Roche ct Sanson, troisifcme Edition, con- 
sidAruhlemcnt nugincntAe, ft vols. 8vo. ibid, 1833. £l lfi.r. 

DE L’ABUS DES BOISSONS SPIRITUEUSES, considArA sous le point de vue de la police raA- 
dicale et. de la mAdecine lAgale, par C. Roesch, 8vo. ibid, 1839. 3s. 6d. 

TRAITE PRATIQUE D’ANALYSE CHIMIQUE suivi dc tables, servant dans les analyses it calctt- 
ler la quantitd d'une substance d'aprds cellc qui a AtA trouvAe d’unc autre substance, 
par H. Rose $ traduit de rallcmand sur la derniArc Edition, par A. «L L, Jourdah, 

2 vols. Svo. Jig. ibid, 1833. 16s. 9 

ANAT0M1E COMPARES DU SYSTEME DENTAIRE chez l’homme et chez les prineipaux animaux, 1 

par E. Rousseau, nouvellc Edition, augmenti*c du systbrac dentaire de la ch nuve- 
souris commune, du hdrisson et dc la taupe, 1 vol. 8vo. avec 31 planches, ib. 1838. 
£l 10,n 

PROMENADES AU IARDIN DES PLANTES, romprenant la description: 1° dc la mdnagerie, 
avec dcs notices sur leg mccurs des animaux qu’cllc renferme; 2° du cabinet d'nna- 
tomic comparde ; 3° des galerics de zoologic, de botanique, de minArnlogie et de 
gdologie ; 4° de 1’ecole de botanique; 5° des serres ct dit jardin de naturalisation 
et des semis ; 6 P de la biblioth&que, etc. ; par MM. Rousseau et Lemonnibr, 
a/ec tin plan et quatre vucs du jardin, 1 vol. 18mo. ibid, 183 7- 3 s. 

HISTOIRE MEDICALE de 1'armAc francaise en MorAc, pendant la campagne de 1829. nar 
O •’oux, 8vo. ibid , 1829. 4s. K 

tttCHERCHES HtSTORIQUES sur la faculty de mAdecine de Paris, depots son origine jus- 
qu*A nos jours, par J. C. Sabatier, 8 vo. ibid, 1837. 5 s. 

RECHERCHES d’an atomic et de pliysiologie patbologiqnes relati/es h la prAdOminance e$ 
h 1'influence des organes digestifs dcs enfants sur lecervettu, par J. SabLAIROLLE#, 
8/0. ibid, 1826. As. 6d . 

LECTURES RELATIVES A LA POLICE MfDICAlE, faites au conscil de salubritA de Lyon, par 
E. Sainte -Marie, prAcAdAes du PrAcis AIAmentairc ou Introduction de la Police 
mAdicale, 8/0. ibid, 1829. 5#. 

DISSERTATION sur les mAdedns poetes, par E. Sajnte-Marie, 870. ibid, 1825. 2* 4 

MftNOBRAPHIE SQR LA RARE, par A: F.C. Saint-Martin, 8 /o. 1826 . 6s. 
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4Kt- R&IMRRARIES traumatiquesT par J. Sanson, 8 vo.Jig. col. ibid, 1836. 6t 
DE U REUNION immediate des plaies, de ses avantages et de ses inconvenients Dflr r 
J. Sanson, 8vo. 3s. v 

DE L’INFLUEHCE DE L’ANATOMIE PATHQLOGIQUE sur les progrSs de la mddecine depuis Mor- 
gagni jusqu*A nos joUrs, par M. Saucerotte, 4to. ibid, 1837. 3s. 6d. 

LA METNQDE OVALAIRE, ou nouvelle mdthode pour amputer les articulations, par L. 
ScouTETTEN, avec.ll planches , 4to. ibid, 1837. 6s. 

MtMOIRE SUR U CURE RADICAIE DES PIEDS-BOTS, par L. Scootetten, avec 6 pi. 3». 

E8SAI SUR LA 6RAVELLE ET LA PIERRE, considdrdes sous le rapport de leurs causes, do 
leurs effets et de leurs divers modes de traitement, par P. S. Segalas, deuxidme 

1 Edition, augments, 8vo. et atlas de 8 planches gravies et colorizes. ibid, 1838. 15 s. 

RECHERCHES p’ANATOMIE transcendante et patbologique ; thdorie des formations et des 
deformations organiques, appliqude k l’anatomie de la duplicity monstrueuse, par 
£. SerreB, 4tO. accompagni d'Un atlas de 20 planches folio, ibid, 1832. £l 1#. 

ANATOMIE comparde du ccrveau dans les quatre classes des animaux vertdbres, appli- 
qude A la physiologic et k la pathologie du syst&me nerveux, par E. Serres, 2 vole. 
8vo. et atlas 4to. ibid, 1827. £l 4s. 

LECONS DE MEDECINE HUMCDPATHIQUE, par L. Simon, 8to. ibid, 1835. 8.. 

MEMOIRS sur les maladies scrofuleuses, par L. Simon, 8vo. ibid, 1837. 2s. 6d. 

HISTOIRE DE LA M£DECINE depuis son origine jusqu’au dix-neuvi&mc sidcle, avec Phis* 
toire des principales operations chirurgicales et une table gendrale des raati&res, 
par K. Sprengel, traduit de Tallemand par A. J. L, Jourdan, 9 vols. 8vo. ibid, 
1815—20. £2 5s. 

— les tomes 8 et 9 sdpardment, 2 vols. 8vo. 18.t. 

DU CANCER DE LA MATRICE, de ses causes, de son diagnostic et de son traitement, par 
M. Teallier, 8vo. ibid, 1836. 5s. ' 

traitE mEoico-chirurbical de l’inflammation, par T. Thomson, traduit de Tanglais 
sur la dernifere ddition et augments d’un grand nombre de notes, par A. J. L. Jour* 
dan et F. O. Boisseau, 1 vol. 8ro. ibid, 1827. 9s. 

TRAIlt COMPLET DE PHYSI0L08IE, par F. Tiedemann, traduit de FAllemand par A. J. L. 
Jourdan, 2 vols. 8vo. ibid, 1831. 11$. 

RECHERCHES EXPlRIMENTALES, physiologiquea et cliimiques sur la digestion consideree 
dans les quatre classes d’animaux vertdbrds, par F. Tiedemann et GVklin, tra- 
duites de l’AUeraand, par A. J. L. Jourdan, 2 vols. 8vo. avec un grand nombre de 
tableaux, ibid, 1827. 15$. 

DE LA SANTt DES GENS DE LETTRES, par M. Tissot, avec une notice sur la vie dc Fau- 
teur et des nqtes, par F. C. Boisseau, i8mo. ibid, 1826. 2s. 6d. 

THERAPEUTICE SPECIALIS AD FEBRES PERiODICAS PERNICIOSAS, par F. Torti, nova editio, 
edentibus et curantibus C. C. F. Tombeur et O. Brixhe, 2 vols. 8vo. fig. JLeodii et 
Parisiis , 1821. 16$. 

JURISPRUDENCE de la mddecine, dc la chirurgie ct dc la pharmacie en France, coraprc- 
nant la mddecine ldgtde, la police mddicale, la responsabilitd des mddecins, chirur- 
giens, pbarmaciens, etc., l’exposd et la discussion des lois, ordonnances, r&gle- 
ments et instructions concernant Tart de gudrir, appuyde des jugements des cours 
et tribunaux, par A. Trebucuet, 1 vol. 8ro. ibid, 1834. 9$. 

TRAIlt PRATIQUE DE LA PHTHISIE LARYNGtE f de lu laryngite chroniquc et des maladies de 
la voix, par MM. Trousseau et Belloc, 1 vol. 8vo* accompagni dc 9 planches 
gravies, ibid, 1837. 7s. 

. ' — — figures colonies. 12$. 

CLINIQUE DES MALADIES DES ENFANTS NOUVEAUX-NES, par F. L. Valleix, 1 vol. 8vjo. avec 
2 planches gravies et colorizes reprdsentant le cephaldmatome sous-pdricr&nien et 
son mode dc formation, ibid, 1838. 8 s. 6d. 

TRAITE COUPLET DE L’ART DES ACCOUCHEMENTS, ou tokologie tbiSoriqne et pratique, avec 
un abrdgd des maladies qui compliquent la grossesse, le travail et les couches* ct 
de celles qui affectent les enfants nouveaux-nds, par A. A. Velpeau, deuxidme 
Edition, augtuentde et accompagnde de 16 planches gravdes avec le plus grand soin, 
2 vols. 8vo. ibid, 1835. 16$. 

flNttYQLQGlE OU 0V0L0GIE HUMAINEi contenant l’histoire descriptive et iconographique 
de Foeuf humain, par A. A. Velpeau, accompagnd de 15 pi. 1 vol. fol. ib. 1833. 
£l 5s. 
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PE L’OPERATION DU TRiPAN dans les plaies de la t6te, par A. A. Velpeau, Svo* ; = t iM, 
1834. 4 s. 6d. 

DES CONVULSIONS CHEZ LES FEMMES, pendant la grosscssc, pendant le travail et aprts 
I’accouchement, par A. A. Velpeau, 8vo. ibid, 1834. 3a. 6d. 

PETITE TRAITE DES MALADIES DU SEIN, par A. A. Velpeau, 8vo. ibid, 1838. 3a. 

TRAIT* OE PATN0L06IE EXTERHE ET DE MEDECIHE OPiRATOIRE, par A. Vidal, 5 vote. 8vo. 

. Les tomes 1 ii 3 sont en vente. ibid , 1839. Prix de chaqut. 6a. 6d. 

PHILOSOPHIC OE L'HISTOIRE NATURELLE, ou phAnomdncs de PorgAttisation des animanx et 

» veg^taux, par J. .1. Virey, 8vo. ibid, 1836. 7a. 

DES CAUSES MORALES ET PHYSIQUES des maladies mentales, et de quelques autres affec- 
tions nerveuses, telles que l’hyst^rie, la nympliomanie et le satyriasis, par F. 
Voisin, 8vo. ibid, 1826. 7a. 

EXPOSE des conditions d’hygi&ne et de traitcincnts propres A prdvenir les maladies et A 
diminuer la mortality dans Tarmac en Afrique et spdcialement dans la province de 
Constantine ; suivi d’une thdorie nouvellc de Tintermittence et de la nature, ainsi 
que du gi£ge des maladies des pays chauds, par M. Worms, 8vo. ibid, 1838. 3*. Od . 

LA SOLITUDE cousiddr6e. par rapport aux causes qui cn font naltre lc go&t, de ses in- 
convdnicnts et de ses avantages pour les passions, l'i inagination, l'esprit et le cceur 9 
par J. G. Zimmekmann ; nouvelle traduction de l'allemand, par A. J. L. Jourdan, 
1 vol. 8vo. ibid, 1839. 7s. 

A8ASSIZ, Histoire Nat ure lie des Poissons d’Eau douce de TEurope centrals, fol. lfcre 
livraison, con tenant les Salmones, 27 planches, fol. Neofchatel, 1839. i?3 15#. 
Excmplaires retouches. £5. Carton vclin. £7 10*-. 

BUREAUD RIOFREY, Londres ancien et moderne, ou recherche .s sur l’<Stat de cette Mdtro- 
pole, Paris , 1839, 8vo. 3#. 

BERRIER-FOHTAINE, un Mot sur lu.Vaccine, 8vo. Londres, 1839. 1#. 

J. PERSOZ, Introduction a 1’ Etude do la Chimie moleculaire, Paris, 1839, 8vo. 12#. 

SPIAOLA, Essai sur les Insectes hcmipt^rcs, rhyngotes ou h4t6roptfere, 8vo. ib. 1840. 7s. 

MALADIES DES JEUNES FILLES, pcndaui l'Epoque de l’accroissement, premier M£moire de 
la Chlorose, par Bureaud Riofkky, M.D. 8vo. ibid , 1 837, 2s. 

MALADIES DES ORQANES DE LA VOIX, premier Mdinoire sur la Laryngite Aigue ou Sy- 
nanque Lnryngienne, par Bureaud Rjofrey, M.D. 8vo. ibid, 1837. 2s. 

ARHOLD, TABULA AHATOMICA, fasciculus primus, leones cerebri et medullas spinalis, fol. 
'Lurid, 1838. £\ 1 2s. 

MAHUEL PRATIQUE DES MALADIES DES YEUX, d'aprds les lemons cliniques dc M. le Profes- 
seur Velpeau, cliirurgien de 1'hOpital de la Charitd, par G. Jeanselme, 18ino., 
Paris, 1840. 6,r. <• 

TRAIT! DE L’OPHTALMOLOGIE, par M. I. Chklius, vol. 2. 8vo., tradnit de PAllemand 
par Ruef, 18ino. Paris, 1839. 10-?. 

SICHEL, Traite de Pophthalmie, la cataracte, et Tamaurose, avec 4 planches valorises, 8 VO. 
9#. Paris , 1837. 
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ALBERS, Beobachtungen auf dem Gebictc der Pathologic, 2 vols. 8vo. Bonn, 1836, 
1838. 9#. 

TWAHH, Pathologie und Therapie dcr Blutigen Gehirnkrankheitcn der Kinder, 8vo. 
ibid, 1839. 6#. 

NOLD, Bcmerkungcn liber den Bau des Hirns und Riickenmarks, 8vo. Jig. Zurich, 
1838. 6s. 

yiEBOLD, Vcrsucli ciner Geschichte der Geburtsblilfc, vol. 1, 8vo. Berlin, 1839. 8#. 
SCHOLLER, die innerlichen Krankheiten des Menschcn, 8vo. Wien, 1839. 14#. 

BARTELS, die Gesammten Nervosen Fieber, 2 v. 8vo. Berlin , 1838. £\ 8#. 

H. HAESER, Historisch-Pathologische Untersuchungen, vol. 1, 8vo. Dresden, 1839- 8#. 
BOCK, Handbuch der Anatomie des Mcnschen, 2 vol*. 8vo. Leipzig, 1838. 16#. 

BLRTHOLD, Lehrbuch der Physiologie des Menschen und der Thiere, 2 vols. in 1, 8vo. 
£\ 4#. 

WIDAKD, die Geburt des Menschen in Physiologisch-diatetischer und Pathologbcb- 
therapeutischer Beziehung, 2 vols. 8vo. 1839. 16#. 
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BLASIUS f Handbuch der Akiurgie, 8vo. Halle, 1839. 8s. 

C E -)t Lehrbuch der Akiurgie, 8vo. ibid, 1835. 15.?. 

HJv’t OPa Berolinensis, 2 vols. 8vo. Berolini, 1838. 16s. 

SCHLEBEL, Essai sur la Physionomie des Serpents, 2 vols. 8vo. and atlas, 4to. Amster. 
dam , 1837. £2 5*. 

FRANKEL, HandwOrterbupb der Fraucnkranklieiten, mit Einschluss der GeburtssMi- 
rungen, 8vo. Berlin , 1839. 14s. 
li FRANKEL, die Specielle Physiologie, 8vo. ib. 1839. 

SUNDELIN, Handbuch der Speciellen Heilmittellelire, 2 v. 8vo. ib. 1833. 

MEISSNER) Die Kinderkrankheitcn nach den neuesten Ansichten und Erfaliruniren. 2 v. 

8vo. Bcutlingen, 1832. £\. ° 

ROSENBAUM) die Lustseuclie im Altertliume, 8vo. Halle, 1839. 8s. 

RAIMANN) Handbuch der Speciellen Medicinischen Pathologie und Therapie, 2 vols. 
8 vo. Beutlingen , 1832. £1, 

ANDREAE) Grundris der gesammten Augcnheilkundc, 3 vols. 8vo. Magdeburg , 1834, 
16s. 

BULK UND SACHS. Handworterbuch der praktischcn Arzneimitfcellehre, 8vo. Kbnigsberg . , 
1832. 20.. 

*■ AMMON, Kranklieiten des Menschlichen Augcs, 2 vols. folio, col. plates, Berlin, 1838. 
£5 1 6«y. 

SCNREBER, das Buck der Gesundhcit, 8vo. plates, Leipzig, 1839. 8s. 

NERMANN VON MEYER, Palacologica zur Geschichte der Erde und ilircr GcschSpfc, 
8 vo. Frankfurt am Main, 1833. 15s. 

MOST, Encyklopiidie der Gcsammten medicinischen und cliirurgischen Praxis, 2 vols. 
8vo. Leipzig, 1836. £2 8s. 

F1CINUS, Allgeiueine Naturkunde, 8vo. Dresden und Leipzig, 1839. 6s. 

r. HEUSINGERj Grnndriss der Encyclopitdie und Method*. logic dor Natur und Heilhunde, 
8vo. Eisenach, 1839. 8s. 

JJNLE, Symbol® ad Anatominm viUorum intertinalium. 4tr>~ BrroJini, 1837. 3s. 

WAGNER, leones physiologic®, folio, Leipzig, J 9;t9. Part 1, 12s. 

CERUTTI, Collectanea qimd^m tie Phtisi Pulmomun Tuberculosa, ibid, 1839, 4to. 6s. 

Ff SOBERNHEIM UND FRANZ SIMON, Handbuch der Praktischen Toxikologic, 8vo. Berlin, 
1838 16s. 

W. SCHARLAU, Lehrbuch der Phnrmazie und ihrer Hiilfswissenschaften, 8vo. Leipzig , 
1837. 16s. 

R< WARNER, Lebrbucli der Physiologic, Part I, 8vo. ibid, 1839. 6s. 

T. SCHWANN, Mikroskopische Untersuchungcn, 8vo. plates, Berlin , 1839. 8s. 

MULLER, uber di^Coinpcnsation dor physiscln. 11 .! Kriifte am menschlichen Stimmorgan, 
8vo. plates , Berlin, 1839. 4s. (id. 
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